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1.0 INTRODUCTION

For the past several years the Baldwin Park
Operable Unit Steering Committee (BPOUSC), the
U.S. EPA Region IX, Three Valleys Municipal
Water District (TVMWD), and the Metropolitan
Water District of Southern California (MWD) have
been planning a combined groundwater remedia-
tion and water supply project in the San Gabriel
Basin. Project planning was initiated in response
to a requirement of U.S. EPA Region IX to
remediate a plume of volatile organic compounds
(VOCs) in groundwater distributed from locations
north of Interstate 210 in the City of Azusa
southwest to locations in the vicinity of
Interstate 10 in the City of Baldwin Park. This area
is called the Baldwin Park Operable Unit (BPOU).

To achieve multiple objectives, the current project
combines groundwater remediation, water supply,
and conjunctive use. This project is designed to
extract groundwater contaminated with VOCs in
two areas, treat the extracted water and deliver the
treated water to water supply systems. Pumping
would need to occur throughout most of the year.
As the BPOUSC has no water rights in the basin;
the volume of water extracted would need to be
recharged. Recharge of replacement water could
occur when seasonally available water could be
purchased. Extraction would occur at a consistent
rate throughout the year, but recharge could occur
during a portion of the year, or could be postponed
from one year to the next depending upon water
levels in the basin or the availability of water for
recharge. Therefore, the project has a conjunctive
use component and as such, affords drought
protection for those receiving the treated water.

The BPOUSC was in the process of negotiating
agreements with the U.S. EPA, MWD, and
TVMWD when in June 1997 concentrations of
perchlorate ion above the State of California
Department of Health Services (DHS) provisional
action level of 18 /MgfL were found in groundwater
within the BPOU and other portions of the San
Gabriel Basin. Additionally, perchlorate has
recently been detected in groundwater at other
facilities in California.

Before the project can move forward, the potential
impact that perchlorate has on the conceptual
project design must be evaluated. The presence of
perchlorate in BPOU groundwater is particularly

troublesome for several reasons. First, there is
insufficient information known about the long-
term effects of low concentrations of perchlorate
on human health. Therefore, based on evaluations
by U.S. EPA and DHS, a very conservative
"provisional" action level with a 300-fold margin
of safety has been established. As appropriate
toxicological studies are completed, this action
level could change significantly.

Second, there is no treatment technology that has
been demonstrated to be effective in reducing
concentrations of perchlorate ion in water to
acceptable levels. Pilot-scale testing has been
successfully performed at another site. However,
the pilot test at this other site was conducted at a
flow rate equivalent to 0.1% of that needed in the
BPOU, the influent perchlorate concentration was
over 100 times that expected in the BPOU, and the
pilot system was not designed to achieve nor did it
achieve effluent perchlorate concentrations less
than the 18 /j.gfL provisional action level.

Third, the U.S. EPA Record of Decision (ROD) for
the BPOU was issued in 1994, long before the
discovery of perchlorate in BPOU groundwater and
the establishment of the 18 /zg/L provisional action
level by DHS. Consequently, the current remedy
proposed for the BPOU, specifically the
groundwater extraction and treatment system,
does not address perchlorate as a chemical of
concern. In addition, the ROD does not address
delivery or recharge of treated water with
concentrations of perchlorate above the DHS
provisional action level.

The purpose of this paper is to summarize the
current understanding regarding the distribution of
perchlorate in the BPOU, estimate concentrations
that would be present in the effluent from the
currently conceived Central Treatment Plant,
review available information on the characteristics
and treatability of perchlorate, and make
recommendations regarding the need for
treatability testing.

To resolve the issue of how the presence of
perchlorate affects the BPOU project, several
critical activities must be completed. These
include:

J7199.DOC Harding Lawson Associates



Introduction

• better definition of the distribution of
perchlorate in BPOU groundwater

• evaluation of the current extraction plan
considering the distribution of perchlorate

• better estimation of flow-weighted
concentrations of perchlorate that would be
expected in extracted groundwater

• refined evaluation of available information on
the treatability of perchlorate in water

• performance of treatability testing to ensure
BPOU groundwater can be treated to perform-
ance standards and to develop design criteria
for a full-scale plant.

These activities must be undertaken before
negotiations with project stakeholders (TVMWD,
DHS, MWD, and others) can be completed.
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2.0 THE DISTRIBUTION OF PERCHLORATE IN BPOU GROUND WATER

Perchlorate was first detected in San Gabriel Basin
groundwater in late May 1997 by the California
Department of Health Services (DHS). This
prompted the Main San Gabriel Basin Watermaster
(MSGBWM) and the BPOUSC to perform addi-
tional groundwater sampling and analysis to better
understand the distribution of perchlorate in
groundwater.

To date, the BPOUSC has compiled perchlorate
data from over 50 monitoring wells, production
wells, and sampling points in the vicinity of the
BPOU. Perchlorate analysis for production wells
was performed on samples obtained by the DHS
and MSGBWM and provided by the San Gabriel
Basin Water Quality Authority (SGBWQA).
Groundwater samples from monitoring wells in the
BPOU were collected by Camp Dresser McKee
(CDM), Harding Lawson Associates, and Geosyntec
on behalf of the BPOUSC. All available data on
perchlorate concentrations in groundwater in the
San Gabriel Basin are provided in Attachments 1
and 2.

Based on these initial data, the approximate lateral
distribution of perchlorate in groundwater at
concentrations greater than the DHS provisional
action level of 18 /j.gfL is illustrated on Figure 2-1.
This approximate perchlorate distribution is based
on maximum concentrations detected in any
sample or at any depth within a given well.
Maximum concentrations are posted next to each
well location on Figure 2-1. Similarly, the
approximate vertical distribution of perchlorate in
groundwater is illustrated on the cross section
shown on Figure 2-2. This cross section is
oriented along the generalized direction of
groundwater flow within the BPOU as shown on
Figure 2-1.

Water quality results from both pre-design
multiport wells and water supply production wells
are plotted together on Figures 2-1 and 2-2.
Production wells draw water from large screened
intervals (greater than 100 feet), and therefore,
represent an integrated water sample from a
significant portion of the aquifer. Multiport wells
have small screen intervals and therefore,
represent water quality from a discrete depth
interval. These data are therefore not directly

comparable though comparison of these data was
necessary for this presentation.

It should be noted that for the majority of these
wells, only a single sample has been collected and
results of quality control sampling have not been
fully processed. Further, the extent of perchlorate
both upgradient and downgradient of the BPOU
has not been fully defined, and areas beyond the
immediate boundaries of VOCs detected in the
BPOU have not been sampled. Therefore, the
known distribution may change as wells are
resampled or new wells are sampled.
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3.0 UNCERTAINTIES

In February 1997 perchlorate was discovered in
five drinking water supply wells in Sacramento,
California. This discovery was a result of the
improvement in the method of perchlorate analysis
which has only recently allowed detection of
perchlorate in water at concentrations below the
level which EPA and DHS considers acceptable for
use by the public (18 /xg/L). Because modifications
to the laboratory method are recent, only one
laboratory has received DHS approval to perform
perchlorate analyses.

In addition, there is limited information on the
long-term effects of low concentrations of
perchlorate on human health and, therefore, only a
"provisional" action level is available. Although
additional studies on the toxicity of perchlorate are
underway, results of these studies will not be
available for approximately one year. As stated in
Section 2.0, our understanding of the distribution
of perchlorate in groundwater in the San Gabriel
Basin is based on a single round of sampling a
combination of water supply and monitoring wells.

In summary, there is a high level of uncertainty
associated with our current understanding of the
distribution of perchlorate in BPOU groundwater
and whether these concentrations would pose any
concerns to the public should extracted water from
the BPOU be introduced into a public water
supply.

3.1 Toxicity/Provisional Action LeveE

One of the sources of uncertainty associated with
the potential effect that concentrations of
perchlorate ion in groundwater may have on the
selection of a remedy for the BPOU is the limited
data available on the toxicity of perchlorate (at low
concentrations) to humans. Because limited
animal studies have been performed and no
studies documenting human effects at low
concentrations are available, the provisional
Reference Dose (RfD) and provisional action level
established by DHS includes a conservative safety
factor and therefore may be subject to significant
change when more toxicological data are available
and other studies have been conducted.

The primary human health concern related to
perchlorate is that it interferes with the thyroid

gland's ability to utilize iodine to produce thyroid
hormones. Perchlorate in high doses (mg/kg per
day levels) has been used as a medicine to treat
Grave's disease, a condition in which excessive
amounts of thyroid hormone are produced. These
dosage levels are much higher than would be
expected from the ingestion of relatively low
concentrations of perchlorate in groundwater in
the San Gabriel Basin. In addition, perchlorate is
used in Europe to counteract the side effects of the
heart drug, amiodarone. As expected, although
the health effects of high dosages of perchlorate
are documented, no studies have examined the
health effects at dosages potentially received from
the ingestion of groundwater at concentrations
present in the San Gabriel Basin groundwater. A
literature search performed by the Sutter/CHS
Health Resource Center Library on the health ,
effects of perchlorate use in the treatment of
Graves Disease and to counteract the side effects of
amiodarone is provided in Attachment 3.

In December of 1992, the U.S. EPA National
Center for Environmental Assessment (NCEA)
responded to a request by U.S. EPA Region IX to
evaluate the toxicity of perchlorate in soil and
groundwater. Based on limited data on the
toxicity of this ion, NCEA recommended a
provisional RfD for soil and groundwater that
included a conservative safety factor and
correlated with acceptable levels of 70 mg/L and
3.5 /u.g/L, for these media, respectively. NCEA later
stated in a letter dated February 25, 1997, that
these provisional RfDs were merely opinions
provided to EPA regional officials and were not to
be considered formal EPA policy.

In April of 1993, a Perchlorate Study Group (PSG)
was formed by the U.S. Air Force, various
aerospace companies, and the two primary
manufacturers of perchlorate compounds. The
mission of the PSG was to review and evaluate
information on the toxicity of perchlorate and
develop better information on what constitutes an
acceptable level of perchlorate in soil and
groundwater. " " ..

In June 1995, the PSG submitted a position paper
to the U.S. EPA presenting the groups' findings.
The U.S. EPA again reviewed available
toxicological data on perchlorate and concluded
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Uncertainties

that although information was available on the
short-term effects of high concentrations of
perchlorate on the thyroid, there was not enough
information on the effects of long-term exposure.
In October 1995, the U.S. EPA responded to the
PSG paper by recommending a provisional
reference dose correlating to an acceptable level in
groundwater that ranged between 3.5 and
17.5 //.g/L. Because there was limited information
available, the U.S. EPA recommendation includes
a large margin of safety. In fact a 300-fold margin
of safety above the level at which no health effects
were observed was used to establish the 17.5 jug/L
provisional standard. This value became the
18 /xg/L value currently used as the DHS
provisional action level. Once there is sufficient
information available, a permanent standard is
expected to be established.

In March 1997, the PSG assembled a technical
Peer Review Panel of nationally recognized
scientists to evaluate the health effect of
perchlorate in drinking water. The conclusion of
this panel was that there are insufficient
toxicological data available to establish a
technically defensible RfD or support the U.S. EPA
provisional RfD.

In May 1997, the Air Force brought the Peer
Review Panel back together with California state
and federal regulators in Cincinnati, Ohio. The
purpose was to have the panel develop a protocol
and the scope of studies that would lead to a
recommendation to U.S. EPA for a new RfD which
could serve as the basis for a groundwater MCL.
The PSG has undertaken to commence the
necessary studies in August 1997, interpret the
data, peer-review the results, and submit
recommendations to U.S. EPA by July 1998.

Attachment 4 contains information compiled by
the PSG relative to a RfD for perchlorate. It should
be noted that to date the U.S. EPA has not
endorsed the Peer Review Panel but did have
representatives participate on the panel. Further,
U.S. EPA has not endorsed the evaluation process
or committed to a schedule for review of the
resultant recommendations or its effect on the
U.S. EPA's former provisional RfD. As a result it is
uncertain how long it will take for the provisional
RfD to be revised and an MCL established.

In February 1997 the DHS set a provisional action
level for perchlorate in groundwater at 4 /xg/L, but
at that time laboratory methods were not designed

or approved to measure concentrations this low.
In May of 1997 DHS, based on the results of
U.S. EPA's recommendations, revised its provi-
sional action level from 4 /xg/L to 18 /xg/L stating
that it had reevaluated scientific studies in greater
detail and had determined that 18 /xg/L is
consistent with the range of perchlorate exposures
the U.S. EPA considers protective of human
health. DHS requires that water suppliers promptly
notify customers whenever perchlorate is present
in concentrations greater than 18 /xg/L.

3.2 Analytical Methodology and
Detection Limits

At the time that the U.S. EPA set its provisional
RfD and the DHS set its provisional action level for
perchlorate in groundwater, no EPA laboratory
method existed and few laboratories were set up to
analyze for perchlorate. Some laboratories were
using a modification of EPA Method 300 (Ion
Chromatography), while others were using an Ion
Selective Electrode (ISE). Detection limits for
analysis of perchlorate in water were generally in
the range of 400 to 1,000 /xg/L.

It was not until April 1997, that the DHS attained
the current reporting limit of 4 /xg/L after having
performed its own method development
(Sanitation and Radiation Laboratories Branch).
To date, this method has not be peer reviewed.
Because perchlorate is not a regulated substance
DHS does not issue laboratory certification for
method analysis. DHS will however issue informal
approval to perform perchlorate analysis once a
laboratory meets DHS requirements.

To receive DHS approval the laboratory must hold
a current certification for EPA Method 300,
develop a Standard Operating Procedure (SOP),
determine its Method Detection Limit (MDL), and
prepare a data package demonstrating its ability to
perform the analysis. The laboratory must then
contact the DHS who will send out a field auditor.
The laboratory must perform analysis on the
samples with acceptable results (±10%) in the
presence of the auditor. In June 1997, WECK
Laboratories, City of Industry, California, became
the first laboratory to receive DHS approval.
Although other laboratories perform perchlorate
analyses none has yet received DHS approval.

Because developments in analytical chemistry
have only recently allowed laboratories to achieve
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Uncertainties

a MDL below the DHS provisional action level,
there is a high level of uncertainty associated with
analytical results. This uncertainty is com-
pounded by the fact that most laboratories
performing perchlorate analyses have modified
EPA Method 300 in different ways. Table 3-1
documents the difference in analytical methodol-
ogy between three commercial laboratories
(California Laboratory Services, APPL, and WECK),
Aerojet General Corporation's (Aerojet) in-house
laboratory, and the DHS Sanitation and Radiation
Branch Laboratory in Berkeley, California. It
should be noted that other industrial and
commercial laboratories also perform perchlorate
analyses. Although all five laboratories surveyed
use a modified EPA Method 300, there are
substantial differences in sample storage, holding
time, calibration, effluent solution, injected sample
size, and column types.

Until the method has been more widely approved,
a higher than normal level of quality control
precautions should be taken. In conformance with
this recommendation, the recent round of
sampling performed by the BPOUSC included
analysis of split samples for 20 percent of the wells
sampled. These splits were analyzed at one
primary laboratory (WECK), and two secondary
laboratories (APPL and California Laboratory
Services). Although results for split samples sent
to California Laboratory Services are encouraging
in that they generally provide a reasonable range
of confirmation, all quality control data have not
yet been received or processed.
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Table 3-1. Summary of Perchlorate Analytical Methods

Laboratory

Slate of California Dept. of Health Services
Sanitation and Remediation Laboratory
Berkeley, CA

WECK Laboratories
City oflnduslry, CA

California Laboratory Services
Rancho C'ordova, CA

APPL Laboratories
Fresno, CA

Aerojet tieneral Corporation
Rancho Cordova, CA

Cost

$100.00

$90.00

$100.00

$80.00

Turn-
around
Time

10 days

7 days

10 days

10 days

Matrix tested on

Drinking,
Groundwater

Drinking,
Groundwater

Drinking,
Groundwater,

Soil (1/1 slurry)

Drinking,
Groundwater

Groundwater

Bottle

plastic or glass

plastic

plastic or glass

elastic or glass

elastic

Preservation

Store 4° C

Store 4° C

none

none

Store 4° C

Holding
Time

28 days

28 days

14 days

14 days

28 days

Sample
Size

125 ml

100 ml

250 ml

250 ml

125ml

Type of Method

Ion
Chromatography

Ion
Chromatography

Ion
Chromatography

Ion
Chromatography

Ion
Chromatography

Reporting
Limit

4ng/L

4 ug/L

5 ug/L

6 ug/L

400 ug/L

Method
Detection

Limit
(MDL)

0.7 ug/L

1.6 ug/L

2 ug/L

4 ug/L

35 ug/L

Calibration
Range

2.5 to 500 ug/L

5 to 100 ug/L

5 to 500 ug/L

5 to 500 ug/L

5 to 100 ug/L

Initial
Calibration

3 point curve

5 point curve

7 point curve

4 point curve

5 point curve

Approximate
Retention Time

7.4 minutes

9 minutes

10 minutes

9 minutes

6.5 to 7.5 minutes
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Table 3-1. Summary of Perchlorato Analytical Methods

Laboratory

State of California Dept. of Health Services
Sanitation and Remediation Laboratory
Berkeley, CA

WECK laboratories
City of Industry, CA

California laboratory Services
Ranoho Cordova, CA

APl'L Laboratories
Fresno, CA

Aerojet General Corporation
Rancho Cordova, CA

Method QA/QC

Similar to SW-846 methods or
Method 300

Similar to Method 300.0
(LCS, MS/MSD, PE)

Similar to Method 300.0
(LCS, MS/MSD)

Similar to Method 300.0
(LCS, MS/MSD, Continuing

Calibration Std)

Similar to Method 300.0
(LCS, MS/MSD)

Stock Standard

1000mg/LKClO4

(>99% pure KClO4)

reagent grade NaClO4

Primary and
independent source
KClO4

KCIO.,,
NaCIO4 (Independent
confirmation standard)

NuCI04. check with
KClO<

Eluent Solution

120 mM 50% (w/w) NaOH, 2.0 mM p-cyanophenol
(NaOH solution fresh with min. of CO2)

Sodium hydroxide with modifier

Not Provided'

Similar to DHS method • They have made minor
changes to the strengths of solutions

900 ml 100 mM NaOH; 800 ml methanol,
dilute to 3 L

Equipment
Brand

Dionex

Dionex

Not
Provided'

Not
Provided1

Dionex

Injector
loop

740 nL

1ml

Less than
DHS

Similar to
DHS1

100 uL

Guard
Column

Dionex
lonPac AG5

Dionex
lonPac AG5

Not
Provided'

Similar to
DHS1

Dionex
AG11

Separator
Column

Dionex
lonPac ASS

Dionex
lonPac AS5

Not
Provided1

Similar to
DHS1

Dionex
ASH

Anlon
Supressor

Dionex
AMMS-1I

Dionex
AMMS-II

Not
Provided1

Similar to
DBS'

Dionex
ASRS-1

I The laboratory considered the information proprietary and did not provide specific information
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Table 3-1. Summary of Perchlorato Analytical Methods

Laboratory

State of California Dept. of Health Services
Sanitation and Remediation Laboratory
Berkeley, CA

•WECK Laboratories
City of Industry, CA

California Laboratory Services
Rancho Cordova, CA

APPL Laboratories
fresno, CA

Aerojet General Corporation
tancho Cordova, CA

Detector

Conductivity

Conductivity

Conductivity

Conductivity

Conductivity

Interferences

No specific species noted

High concentrations of other
unions may interfere

None expected. High
concentrations of other anions
may interfere

None expected. High
concentrations of other anions
may interfere

None expected. High
concentrations of oilier anions
may interfere

Mone expected. High
concentrations of other anions
may interfere

Miscellaneous Requirements/Other Notes

I) Method tested for sample with conductivity up to lOOO umhos/cm. Method
has not been tested for conductivities >1000 umhos/cm
2) Fortification method recommended for unknown samples (appears that this
is just a matrix spike sample. Analyzed to evaluate if the sample matrix will
bias analytical results)
3) p-cyanophenol added to eluent to deactivate the active sites on the resin

Approved by State of California DHS to analyze for perchlorate ion in drinking
water (June 20, 1 997)
Would do split to analyze for chlorate

3-4 montlis experience with method on field samples

1-2 montlis experience with the method
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4.0 TREATABILITY REVIEW

Treatability information on perchlorate in water
was obtained primarily from two sources. The
first source consists of recent data collected by the
MSGBWM and the DHS in conjunction with
groundwater sampling in the San Gabriel Basin as
described in Section 2. The second source was
obtained from treatability studies conducted by
Aerojet at their Sacramento facility.

4.1 Existing Treatment System Data

The MSGBWM and the DHS collected samples at
several groundwater treatment systems in San
Gabriel Basin in conjunction with groundwater
sampling from production wells. Perchlorate
concentrations in influent and effluent streams for
these treatment systems are provided in
Attachment 2. As expected, no apparent reduction
in perchlorate concentration was observed at those
treatment systems utilizing air stripping
techniques. However, perchlorate concentrations
at two granular activated carbon (GAC) treatment
units located at the Valley County Water District
Lante and Big Dalton wells suggest that perchlorate
concentrations are reduced as extracted
groundwater passes through GAC contactors.
However, these data are inconclusive as the trends
initially observed were not reproduced in
subsequent sampling events. Nonetheless, some
reduction in perchlorate concentration may be
occurring.

At this time the mechanism causing this apparent
reduction in perchlorate concentration is
unknown. Two possible mechanisms are: 1) the
direct adsorption of perchlorate onto GAC, and
2) biochemical reduction by naturally occurring
microorganisms that are present in carbon vessels.

If decreases in perchlorate concentration are due
to adsorption, fresh carbon would provide the
greatest perchlorate removal. Carbon that has
been in service for some time would provide less
capacity for perchlorate removal and in fact may
eventually desorb perchlorate, resulting in
concentrations that are higher in the effluent than
observed in the influent.

If the mechanism which is responsible for the
apparent decrease in perchlorate concentrations is
biochemical reduction, GAC units containing fresh

carbon would not be expected to remove
perchlorate as efficiently as carbon that had been
in service for some time because populations of
microorganisms would not yet be established.
Treatability studies performed in Sacramento have
demonstrated that GAC is a superior medium for
growth of perchlorate reducing microorganisms.

Dates of carbon changeout will be obtained and
this issue will be reviewed more carefully as part
of recommended treatability studies described in
Section 6.

4.2 Aerojet Treatability Studies

As a result of the presence of perchlorate in
groundwater at Aerojet's Sacramento facility, a
considerable amount of work has been performed
to address perchlorate treatability. This work,
consisting of technology screening, laboratory-
scale studies, pilot-scale studies, and the design of
a full-scale (1,500 gpm) system, was performed by
Aerojet and a consultant starting in 1994.

4.2.1 Literature Review

In 1994, Aerojet completed an initial screening of
technologies available for treatment of perchlorate.
An on-line data search was first performed. The
following databases were searched:

• Energy SciTech (1974-1994)

• Ei Compendex Plus (TM) (1970-1994)

• National Technical Information Service (1964-
1994)

• Aerospace Database (1962-1994)

• Chemical Engineering Abstracts (1970-1994)

• Biotechnology Abstracts (1970-1994)

• PTS Aerospace/Defense Markets (1986-1994)

• Pollution Abstracts (1970-1994)

• Analytical Abstracts (1980-1994)

J7199.DOC Harding Lawson Associates



TreatablHty Review

Only limited information on the treatment of water
for perchlorate was found, and the available data
addressed the treatment of high concentration
wastewaters, not low concentrations in ground-
water. The technologies for which information
was found include both biological and
physical/chemical treatment methods.

Biological Methods

Biochemical reduction of oxygen-containing
compounds, like perchlorate, with the simulta-
neous biochemical oxidation of organic matter
contained in sludge from municipal wastewater
treatment plants was the subject of three patents
(1973-1994). The patents varied in reactor
configuration and the source and type of the
microorganisms used. Concentrations of
perchlorate in wastewater in excess of 7,000 mg/L
were the subject of these patents.

A 1973 patent describes biochemical oxidation of
activated sludge in an unaerated tank. A 1976
patent is a modification of this approach but a
specific microorganism is identified. The source
of the microorganism is settled municipal sewage.
A 1994 patent by the U.S. Air Force uses an
anaerobic reactor and a specific microorganism.
Brewer's yeast, cottonseed protein, and whey
powder were all added to the reactor.

Pftysfcaf/Cftomicaf Methods

The physical/chemical processes which were
reviewed included ion exchange, reverse osmosis,
an electrochemical process which reduces
inorganic oxyhalides, and a process where
perchlorate wastewater was treated with an
oxidant in supercritical (high temperature, high
pressure) water.

The electrochemical method, patented in 1992,
uses an anode/cathode separated by a cation
exchange membrane. A 1993 paper describes
treatment of perchlorate in wastewater with an
oxidant (O2, air, H2O2) under conditions of high
pressure (200 atm) and temperature (370°C).

In addition to these two techniques, Aerojet's staff
reviewed the applicability of ion exchange and
reverse osmosis treatment technologies. Although
both ion exchange and reverse osmosis are
considered technically proven methods for
reducing concentrations of dissolved solids in

waters, there are significant technical challenges
presented by both methods for treatment of water
containing perchlorate.

With respect to ion exchange, common ground-
water ions will interfere with perchlorate
adsorption. The ion exchange resin is regenerated
with brine (usually sodium chloride). Perchlorate
concentrations in regeneration brine present a
unique disposal or treatment problem.

There are significant operational difficulties
associated with the use of reverse osmosis. Like
ion exchange, perchlorate is not treated but merely
conveyed to a waste concentrate that would be a
waste disposal challenge. The resultant brine
would contain perchlorate and would be
significant in volume. In addition, pretreatment of
influent, use of anti-fouling chemicals, and
membrane cleaning are time-consuming and
costly.

Based on the literature review described above,
Aerojet decided to pursue laboratory-scale testing
of chemical reduction and biochemical methods.

4.2.2 Laboratory-Scale Testing

Laboratory-scale treatability studies for several
biochemical and chemical reduction treatment
methods were performed by an Aerojet consultant
in 1995. The tested water came from Aerojet's
Sacramento facility and contained between 7,000
and 8,000 fj,gfL perchlorate.

Chemical reduction methods evaluated included
the addition of relatively high dosages of several
reducing agents (sodium sulfite, sodium bisulfite,
and sodium thiosulfate) up to 1,000 mg/L to water
containing 7,000 (j.gfL perchlorate. Perchlorate
concentrations did not significantly decrease over
time. The method was concluded to be
ineffective, and not taken to pilot-scale.

In addition to chemical reduction, Aerojet staff
evaluated the use of ion exchange technology in
more detail. Time was devoted to resin selection
and treatment of regeneration wastes. Efforts were
also made to develop a method for biodegradation
of perchlorate in these wastes. Aerojet is presently
evaluating the viability of ion exchange technology
for perchlorate removal, specifically for use at
wells where concentrations are 100 /zg/L or less.
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Two biochemical reduction methods were tested:
a fixed film bioreactor using submerged plastic
media, and a granular activated carbon/fluidized
bed (GAC/FB). For both processes the water to be
treated was amended with an organic carbon
source (acetate or ethanol) and nutrients (nitrogen
and phosphorus) before entering the bioreactor.

Both biochemical reduction methods were shown
to be effective in reducing perchlorate concentra-
tions. The GAC/FB system was better at respond-
ing favorably to system changes and also accom-
modated a higher (6-fold) perchlorate loading rate.
Effluent from both processes were below a
400 Aig/L reporting limit for perchlorate.

Because of the success with the biochemical
treatment methods, and due to the comparatively
better performance of the GAC/FB method, this
method was taken to pilot-scale.

4.2.3 Pilot-Seal* Testing

In 1996, a 30 gpm skid-mounted pilot system, was
set up at the Aerojet facility in Sacramento.

The pilot-scale system operated between April and
December of 1996. Operation of this pilot-scale
system allowed optimization of feed rates for the
organic carbon source (ethanol) and nutrients
(nitrogen in the form of ammonium chloride and
phosphorus in the form of dibasic sodium
biphosphate). Ethanol was required in an ethanol
to perchlorate molar ratio of approximately 4:1,
while nitrogen and phosphorus levels ware similar
to those described in the literature to support
microbial activity.

Effluent concentrations'were consistently less than
a 400 /ig/L reporting limit for perchlorate, 500 /ig/L
for phosphorus, 340 /ig/L for ammonia-nitrogen,
and less than 50 /ig/L for nitrate-nitrogen.

The initial pilot-scale effluent contained very low
or nondetectable levels of E. coli bacteria. After
one month of operation, all E. coli measurements
showed nondetectable levels. Regardless,
disinfection of treatment system effluent was
envisioned for a full-scale system.

4.2.4 Full-Seal* Dasign

Aerojet is in the process of designing a full-scale
perchlorate treatment system for one of the

groundwater extraction and treatment systems at
their Sacramento facility. The design is expected
to be complete in July 1997, and construction is
currently scheduled to be complete in the summer
of 1998. The system loading rate is 1,500 gpm.
The full-scale system will be similar to that pilot-
tested in 1996.

Aerojet is working with the design contractor to
optimize certain design features and to lower
effluent concentrations. The pilot-scale study was
completed prior to the recent reduction in MDLs
by agency and commercial laboratories and,
therefore, Aerojet and its contractor are hoping to
modify either the design or operating parameters
to produce effluent below the 16 /ig/L provisional
action level.

In addition, Aerojet and its contractor have
evaluated alternative sources of microorganisms to
eliminate possible problems with the potential
introduction of pathogens associated with
wastewater treatment plant sludge. Waste sludge
from a baby food processing facility was
determined to contain acceptable microorganisms
thus eliminating the potential for pathogens to be
present in treatment effluent.
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5.0 APPLICABILITY OF TREATABILITY STUDIES TO THE BPOU

The extent to which treatability studies performed
at Aerojet's Sacramento facility can be relied upon
to assist in decision-making on the BPOU project is
dependent upon similarity in the composition of
influent water, effluent goals, and the capacity of
the treatment system.

5.1 Influent Water

Although there is insufficient data at this time to
estimate with reasonable confidence a
concentration that would represent influent to the
Central Treatment Plant, a rough estimate for
planning purposes was considered necessary.
Therefore, based on the distribution of pel-chlorate
in groundwater described in Section 2.0, the
configuration of extraction wells and flow rates
described in the December 1996 Pre-Remedial
Design Report, and modifications to the extraction
plan discussed with EPA, it has been estimated
that extracted groundwater would contain
approximately 50 to 100 £tg/L of perchlorate. This
range of values was estimated by selecting
surrogate wells for each extraction well location,
assigning recently measured concentrations from
each surrogate well to its corresponding extraction
well, and flow-weighting these concentrations
based on expected pumping rates to produce a
flow-weighted average concentration for the BPOU
extraction system. Because of the uncertainty
associated with this type of estimate, a
concentration range was established.

It should be noted that there are significant
uncertainties associated with the 50 to 100 pg/L
range in concentrations cited above. First and
most important, the current extraction plan does
not take into account the distribution of
perchlorate in groundwater. Should capture of
groundwater containing perchlorate become a
remedial action objective, then both the locations
and pumping rates of BPOU extraction wells may
need to be modified. Additionally, the method
described above is a rough estimation of
concentrations that will be initially extracted. The
actual concentrations present in the extracted
groundwater will only be know once extraction
wells are constructed and pumped at their
designed flow rates.

The primary difference between the composition
of influent water quality in Sacramento and the
BPOU is the concentration of perchlorate.
Concentrations of perchlorate in Sacramento range
from 7,000 to 10,000 /ng/L with individual onsite
wells having concentrations as high as
100,000 fJ.g/L. The expected flow-weighted average
from the BPOU extraction system as currently
configured is estimated to be approximately 50 to
100 /ig/L.

These variances may cause a difference in system
performance. A potential concern exists that at a
lower influent concentration, microorganisms that
reduce perchlorate will not flourish in sufficient
numbers. As the microorganisms rely on ethanol
as their primary food source and perchlorate as a
secondary food source, this should be evaluated,
but may not be of concern.

5.2 System Capacity

The largest pilot-scale study performed to date was
operated for approximately 8 months at 25 gpm.
This is not a sufficient flow rate to allow design of
a system that will operate at 20,000 gpm. The full-
scale system presently in design at Aerojet's
Sacramento facility may be of sufficient capacity
(1,500 gpm) to allow scale up to 20,000 gpm, but
this system will not be in operation until the
summer of 1998.

5.3 Effluent Goaf

When the pilot-scale study was performed at
Aerojet's Sacramento facility, the goal was to
produce effluent that was less than the 400 /j.gfL
laboratory reporting limit available at that time.
When the pilot-scale study was completed, the
effluent generally was characterized by perchlorate
concentrations less than 100 /j,g/L. At that time is
was not possible to measure to the current
reporting limit of 4 ngfL for perchlorate. Similarly,
it was not possible to optimize system flow rates,
organic carbon sources, of nutrients to see if lower
effluent concentrations were possible. Therefore,
it is uncertain if the full-scale system to be
constructed by Aerojet in Sacramento may reach
treatment goals for the BPOU. Treatability studies
will need to demonstrate that a sufficiently low
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perchlorate concentration in treatment plant
effluent is possible.

5.4 Nitrate Concentrations

Influent groundwater at Aerojet's Sacramento
facility is characterized by low (1.5 mg/L) nitrate
concentrations. However, the results of the pilot-
scale study performed in Sacramento do show
effluent nitrate concentrations less than 0.05 mg/L.
This suggests that along with consumption of
ethanol and reduction of perchlorate, reduction of
nitrate is also occurring in the bioreactor.

This observation could have a significant effect on
the BPOU project as influent nitrate concentrations
are expected to be approximately 25 mg/L.
Although this concentration is well below the
45 mg/L MCL, it is substantially higher than
concentrations currently received by customers of
MWD and TVMWD.

Supporting evidence that the same anoxic
conditions which contribute to the reduction of
perchlorate may also reduce nitrate concentrations
may be found in the literature where processes
using bacterial denitrification of wastewater have
been described. Although the denitrification
process has generally not been applied to drinking
water, one such system was designed for the town
of Wiggins, Colorado to denitrify its drinking
water. The process equipment, designed by Joann
Silverstein of the University of Colorado, Boulder,
consists of a packed tower biofilm reactor where
denitrifying bacteria are supported on a high-
porosity plastic media. The packed tower is
operated in an up-flow mode. Bacteria were
introduced into the system from creek sediments,
and acetic acid and corn syrup were used as the
organic carbon source. The denitrified water was
then passed through a sand filter to remove
biomass. The system operates at a flow rate of
10 gpm. Influent nitrate-nitrogen concentrations
were initially 7 to 10 mg/L but increased to
25 mg/L. During initial start-up and operation,
system performance was not satisfactory and it
was determined that both nitrogen and phosphorus
were needed as nutrients to optimize nitrate
removal efficiency. Effluent now contains 2 mg/L
nitrate-nitrogen.

Should the GAC/FB system prove to be an effective
method of reducing nitrate concentrations in
treatment plant effluent, it may be possible to
reduce both perchlorate and nitrate
concentrations.
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6.0 RECOMMENDATIONS

In order to proceed with the design and
construction of the BPOU project, several key
issues related to perchlorate must first be resolved.
These issues include:

• The need for a more definitive action level for
perchlorate and consideration of this action
level relative to the remedial action objectives
specified in the ROD

• The potential need for modifications to the
current extraction plan and the conceptual
design of the Central Treatment Plant, if
groundwater extraction and treatment of
perchlorate is deemed necessary

• The need for additional treatability studies to
address the feasibility of perchlorate treatment
at high flow rates and low concentrations.

As a result of these issues, the following three
recommendations have been developed:

• The remedial action objectives in the ROD for
the BPOU should be reconsidered to include
an appropriate, scientifically supportable
action level for perchlorate

• Proposed groundwater extraction and
treatment plans should also be reconsidered in
the event that remedial action objectives are
revised to address perchlorate

• Recommended treatability studies on
perchlorate treatment in water should be
performed as described below.

6.1 Recommended Treatability
Testing

Because there is no proven treatment technology
for perchlorate, the need to add perchlorate
treatment to the Central Treatment Plant is
undetermined until EPA includes perchlorate as a
chemical of concern in the BPOU ROD. Further
the feasibility of perchlorate treatment at the scale
required for the BPOU can not be determined until
treatability studies can be completed. As
laboratory- and pilot-scale testing have been
performed to support design of a full-scale system
at Aerojet's Sacramento facility, it would be

expedient and wise to take advantage of this work
in resolving San Gabriel Basin issues. However, as
discussed earlier, conditions in Sacramento are
different and therefore testing to allow design of a
San Gabriel Basin system is necessary.

There are several key differences that should be
considered in treatability testing to support the
BPOU project. These include:

• a lower perchlorate influent concentration

• a lower effluent goal for perchlorate

• higher nitrate influent concentrations

• a higher flow rate.

To collect adequate information on the treatability
of perchlorate to meet the needs of the BPOU
project, it is recommended that a two-step
treatability approach be used. While treatability
testing for the BPOU project is being performed,
input would be received from Aerojet's full-scale
Sacramento treatment unit and results considered
in the design of the BPOU system.

6.2 Phase 1 - Pilot-Scale
Treatability Testing

It is recommended that the BPOUSC perform pilot-
scale treatability testing in two phases. The
objective of the Phase 1 testing is to ensure that
the GAC/FB system already pilot-tested at Aerojet's
Sacramento facility can achieve a perchlorate
effluent concentration less than the DHS 18 /zg/L
provisional action level or whatever regulatory
level is ultimately set. The scope and goal of this
phase of treatability testing would be established
in a Phase 1 Treatability Testing Work Plan. This
Work Plan would be provided to the U.S. EPA,
DHS, and MWD for approval with copies for
comment to the MSGBWM and SGBWQA.

To perform this phase of the treatability testing,
the pilot-scale unit previously used at Aerojet's
Sacramento facility would be reassembled and
testing performed at Aerojet's Sacramento facility.
The system would be put into operation for
60 days treating groundwater containing
perchlorate concentrations similar to that expected
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Recommendations for Treatablllty Testing

in San Gabriel Basin (50 to 100 ju.g/L). In addition,
sodium nitrate should be added to the influent
water to simulate San Gabriel Basin nitrate
concentrations. To simulate San Gabriel Basin
treatment plant conditions, VOCs would be
removed by air stripping prior to flow into the
bioreactor.

Testing procedures would be specified in the
Phase 1 Treatability Testing Work Plan, but in
general would follow procedures used at Aerojet's
Sacramento facility. Regular monitoring of
dissolved oxygen, total dissolved solids, common
ions, total suspended solids, pH, redox potential,
perchlorate, nitrate, and other parameters would
be performed for both treatment plant influent and
effluent. Recently developed laboratory methods
will be used to assure the analytical reporting limit
is less than the 18 /ig/L provisional action level.

Should the Phase 1 pilot-scale testing demonstrate
that effluent goals can be met, the treatability
testing would move to a Phase 2 stage. Following
completion of Phase 1 testing, test results would
be compiled, evaluated, and submitted to EPA,
DHS, and MWD in a brief report with copies also
to the MSGBWM and SGBWQA. This report
would also include recommendations for the
implementation of Phase 2 treatability testing, if
deemed appropriate.

6.3 Phase 2 - Pilot-Scale
Treatability Testing

This phase of treatability testing would consist of
the use of a pilot system very similar to that
assembled at Aerojet's Sacramento facility but on a
larger scale. The objectives of this portion of the
pilot-scale testing are to allow direct treatment of
San Gabriel Basin groundwater from a well or near
a well location that would be part of the BPOU
extraction system and to operate this system at a
flow rate of 100 gpm or greater.

If arrangements for delivery of large volumes of
treated water can be made, this system could be
designed to operate at a hydraulic loading rate
closer to that conceived in the extraction plan.

Ideally an existing groundwater supply well, like
the Lante well, that has perchlorate concentrations
in the range of 50 to 100 Mg/L, a large holding
tank, and a connection to the Valley County Water
District System, could be used. Use of a facility

like the Lante well site should eliminate concerns
regarding discharge of treated water, as this system
has been operated in this manner for some time.

This pilot system should be operated for at least
three months. Regular performance monitoring
would include measurement of dissolved oxygen,
total dissolved solids, total suspended solids, pH,
nitrogen, phosphorus, perchlorate, and redox
potential, as well as nitrate and perchlorate.

To simulate BPOU conditions, the pilot system
would include an air stripper to remove VOCs
prior to perchlorate/nitrate treatment. The
objectives and scope of the testing would be
described in a Phase 2 Treatability Testing Work
Plan. This work plan would be provided to the
U.S. EPA, DHS, and MWD for approval with
copies for comment to the MSGBWM and
SGBWQA. Following completion of Phase 2
testing, test results would be compiled, evaluated,
and submitted to EPA, DHS, and MWD in a brief
report with copies to the MSGBWM and SGBWQA.

6.4 Aerojet Sacramento -
Integration of Full-Scale System
Performance Data

There is certainly much to be learned from the
construction, start-up, and operation of the
perchlorate treatment system that is currently
undergoing design at Aerojet's Sacramento facility.
Although influent concentrations are substantially
higher than that anticipated in the BPOU, nitrate
concentrations are substantially lower than
anticipated in the BPOU, and the flow rate is less
than 10 percent of that for the BPOU project,
valuable information can be obtained by monitor-
ing the performance of this system once in
operation.

The Sacramento system is not expected to start
operating until the summer of 1998. It is assumed
that 90 days of operation will be required for the
system to become fully operational, system
operating parameters to be optimized, and
performance data to become available. Therefore,
performance data from this system will not be
available as input to the BPOU project until the fall
of 1998.

It is expected that the results from operation of this
system will provide the BPOUSC with information
on:
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• efficiency of perchlorate reduction

• feed rate for ethanol

• required nutrient feed rates

• factors influencing microorganism stability

• effect on nitrate concentrations

Should the Phase 2 treatability studies be
constrained by disposal of treated water, perform-
ance data from this full-scale system can be used
to design the BPOU system.

6.5 Schedule for Treatability
Studies

Assuming the U.S. EPA agrees with the approach
to treatability testing described above, the
BPOUSC will prepare a Phase 1 Treatability
Testing Work Plan. This Work Plan could be
ready for U.S. EPA, DHS, and MWD review and
comment in late August 1997. Assuming minimal
time is required to address Work Plan comments,
Phase 1 treatability testing could be started in
October 1997 with results available in March 1998.
Assuming Phase 1 results demonstrate effluent
goals can be met, Phase 2 testing could commence
with EPA, DHS, and MWD approval in April 1998.

Phase 2 testing could be completed in September
1998, about the same time that data will be
available from Aerojet's Sacramento perchlorate
treatment unit. Input from both phases of
treatability testing and performance data from
Aerojet's Sacramento treatment unit would
provide the BPOUSC with the necessary
information to evaluate the feasibility of
perchlorate treatment in the BPOU.

A listing of tasks, durations, and approximate
completion dates for proposed treatability testing
activities is provided below:

Proposed Schedule for Treatabfffty Studios

Task Duration

Approximate
Completion

Date

Phase 1 Treatability 30 days 09/01/97
Testing Work Plan

EPA, DHS, and MWD 30 days 10/01/97
Review and Approval

Phase 1 Treatability 90 days 01/01/98
Testing Implementation

Phase 1 Reporting with 60 days 03/01/98
Phase 2 Treatability
Testing Work Plan

EPA, DHS, and MWD 30 days 04/01/98
Review and Approval

Phase 2 Treatability 150 days 09/01/98
Testing Implementation

Phase 2 Reporting 60 days 11/15/98
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Attachment 1. Porohlorato In Raw Oroundwator • Monitoring and Production Wolls (from Water Quality Authority Datebaso)
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Attachment 1. Porchlorato In Raw Oroundwater - Monitoring and Production Wolls (from Water Quality Authority Databaso)
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Attachment 1. Porehlorato hi Haw Oroundwator - Monitoring and Production Won* (from Water Quality Authority Datahaso)
MW-5 -

Azusa Land Reclamation (ALP)

MW-1R
MW-2
MW-3
MW-4 i
MW-6
MW-8 ,
MW-9

Azusa, City of

7 (AWVC 5)
10(AVWC8)
10 (AVWC 8)

-
-
-
-
-
-
-

1902116
8000103
8000103

California Domestic Water Company

2

3
3

5A

6
8
2
3
3

County of Los Angeles

1901181

1903057
1903057
8000100

1902967
1903081
1910199
1910199
1910199

267-317

148-354
145-350
180-385
350-614
195-450
19M50"
195-450

120-246
792-1132
792-1132

437-492
683^-710
717-736
761-782
197-785
197-785
197-785
460-660
700-900
200-800
200-580

-
-
-

.— - - . . - .

6/3/97
6/397

6/10/97

6/9/97

6/6/97
6/9/97
6/10/97

6/9/97
6/9/97
6/9/97
6/6/97
6/9/97

HLA

HLA/Geosyntec

HLA/Geosyntec

HLA/Geosyntec

HLA/Geosyntec

DHS
OHS
DHS

"DHS

MSGBWM
DHS
DHS

- - - - - - - - -

DHS
DHS

-
-
-

<4

<40

39

550

90

<4
7
6

<4

<4
<4
<4

<4
<4
ND
ND
ND

J72WI.XI.S Page 3 of 10



Attachment 1. Porehlorato In Raw Oroundwator - Monitoring and Produotlon WoHo (from Water Quality Authority Databaoo)
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Attachment 1. Porehlorato In Maw Oroundwator - Monitoring and Production Won* (from Water Quality Authority Databato)
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6/12/97

6/6/97

6/12/97

6/10/97

MSGBWM

MSGBWM

MSGBWM

PRODUCER

DHS

<4

<4

58

51

55
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Attachment 1. Porchlorato hi Raw Oroundwator - Monitoring and Production WoNo (from Water Quality Authority Databaso)

3
3
3
4
4

Miller Brewing Compan\

1
2

1902859
1902859
1902859
8000062
8000062

f

8000075
8000076

San Gabriel Valley Water Company

B4B

B4C

B5A

B5B

B5B

B6C

1902858

1902947

1900718

1900719

8000112

1903093

835-845
879-935
936-940
620-770
620-770
620-770
550-725
550-725

515-975 ~~*
NA

920-940
950-1154
798-839
844-885
920-936
972-1022
110-152
173-180
194-205
235-245
276-299
172-185
236-254
286-302
328-340
386-408

1013-1024
1110-1128
1177-1275
275-420
440-465

6/6/97
6/10/97
6/12/97
6/6/97

6/10/97

6/5/97
6/5/97

6/3/97

6/3/97

6/6/97

6/9/97

6/9/97

6/3/97

MSGBVWM
DHS

PRODUCER
MSGBVWM

DHS

DHS
DHS

DHS

DHS

MSGBVWM

DHS

DHS

DHS

110
73
76
60
159

<4
<4

~<4 """

<4

14

9

<4

74
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Attachmont 1. PorcMorato In Raw Oroundwator • Monitoring and Production Wolls (from Water Quality Authority Database)

B6C

B6C

B6C 1/

B6D

B6D

11B

B11A

B11B
B9B

1903093

1903093

1903093
.... — .. . ._.. .

8000096

8000098

1900745

1901439

8000108
8000099

480-506
275-420
440-465
480-506
275-420
440-465
480-506
275-420
440-465
480-506
760-769
824-836

i 855-905
h 906-938

942-952
980-992

1024-1032
760-769
824-836
855-905
906-938
942-952
980-992

1024-1032
178-280
358-400
330-342
350-372
643-675
822-833
302-832
818-830
855-859
873-885
921-939

1010-1022
1042-1070

6/9/97

6/3/97

6/3/97
—— — „ _.. — _ _..

6/3/97

6/9/97

6/8/97

^~ 6/9/97

6/9/97
6/9/97

DHS

MSGBVWM

MSGBVWM
... —— . .. . ——

DHS

DHS

MSGBVWM

DHS

DHS
DHS

71

75

75

— — . - - - - - — -

<4

<4

<4

I 6

<4
<4
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Attachment 1. Porchlorato In Raw Oroundwater - Monitoring and Production Wolto (from Water Quality Authority Databa**)

B7E

- - -

B7C

South Down (AZ-Two)

2
2 M

8000122

8000068

1900038
1900038

Suburban Water Systems

Big Dalton
Big Dalton

Big Dalton 1/
Big Dalton
Big Dalton
126W-2
139W-2
139W-4

139W-6
140W-3

140W-4
140W-5
147W-3

1900035
1900035
1900035
1900035
1900035
8000092
1901599
8000069

8000152
1903067

8000093
8000145
8000077

1095-1100
675-689
740-761
867-885

1040-1048
1078-1083
1104-1112
1128-1138
1148-1170
280-780

350-614
350-614 ,

250-582
250-582
250-582
250-582
250-582
200-620
105-360
566-642
676-695
787-825

NA
150-160
205-230
248-260
350-380
432-438
420-1190
600-1320
300-1000

6/9/97

6/9/97

6/5/97
6/5/97

5/29/97
6/3/97
6/3/97
6/6/97
6/11/97
6/9/97
6/3/97
6/3/97

6/3/97
6/3/97

6/3/97
6/3/97
6/3/97

DHS

DHS

DHS
MSGBVWM

DHS
DHS

MSGBVWM
DHS
DHS

PRODUCER
DHS
DHS

DHS
DHS

DHS
DHS

PRODUCER

<4

<4

<4
4.2

41.1
40
41
38
36
<4
11
6

<4
13

6
<4
<4
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201 W-4

201 W-4

201W-5

201 W-5

201 w-a

201 W-6

1901433

1901433

1901432

1901432

1901434

1901434

120-192
194-205
208-235
251-275
307-340
342-354
416-422
424-434
436-497
505421
583-614
120-192
194-205
S\/\A *\*lfZOo*Z35

i 251-275
307-340
342-354
416-422
424-434
436-497
505-521
583-614
160-216
251-264
300-332
435-472
480-512
160-216
251-264
300-332
435-472
480-512
155-218
254-274
405-425
155-218
254-274

6/9/97

6/11/97

6/9/97

6/11/97

6/6/97

6/9/97

PRODUCER

DHS

PRODUCER

HDS

MSGBVWM

PRODUCER

<4

<4

<4

<4

<4

<4
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Attachment 1. Porehlorata In Raw Oroundwater • Monitoring and Production Wolla (from Water Quality Authority Databaso)

201 W-6 1901434

Valley County Water District

Morada
Morada
Lante
Lante
Lante

Lante 1/
Lante
Lante
Lante

Joanbridge East
Joanbridge West

Maine East
Maine West

Footnotes:

1900029
1900029
8000060
8000060
8000060
8000060
8000060
8000060
8000060
1900032
1902356
1900027
1900028

...._. — .... ..._ . _. ....

1/ Split sample with DHS

405-425
155-218
254-274
405-425

275-585
275-585
275-577
275-577
275-577
275-577
275-577
275-577
275-577
300-586
300-584
250-580
250-580

- - — • • - - • •

6/11/97

5/2/97
5/2/97
5/13/97
5/13/97
6/3/97
6/3/97
6/6/97
6/6/97
6/6/97
5/29/97 __
5/29/97
5/29/97
5/29/97

- - - - • — • -- -• --

DHS

DHS
DHS
DHS
DHS
DHS

MSGBVWM
DHS
DHS
DHS
DHS
DHS
DHS
DHS

•-- — - - - - - - - - -

21 On June 13, 1997 producer turned off the well due to high concentrations of Perchlorate.
DHS: California Department of Health Services [
MSGBVWM: Main San Gabriel Basin Watermaster
PPB: Parts per billion |

<4

12
13
63
62
61
65
64
66
67
<4
<4
<4
<4

._._..
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Attachment 2

PERCHLORATE IN PRODUCTION WELLS WITH TREATMENT
(from Water Quality Authority Database)



Attachment 2. Perehlorate In Production Wells with Treatment (from Water Quality Authority Database)
SAMPLING SOURCE

California Domestic Water Company

Air Stripper #2 Effluent
Bassell Reservoir Effluent
Bassell Reservoir Influent

Well 3, 5A. 6 Blend

Covina Irrigating Company

Baldwin Park Reservoir

La Puente Valley County Water District

3

Miller Brewing Company

Combined Effluent of GAC Vessels
GAC Vessel #4

San Gabriel Valley Water Company

Plant B4 Reservoir
Plant B4 Reservoir

Reservoir B12
Reservoir B5 large
Reservoir B5 small

Reservoir 86
Reservoir B6

B11B
B6C
B6C
B60
B6D

Well B6C & B6D Effluent
Well B6C & B6O Effluent

B7C

RECORDATION NUMBER

1910199
1910199
1910199
1910199

1910128

1910060

1910039
1910039
1910039
1910039
1910039
1910039
1910039
1910039
1910039
1910039
1910039
1910039
1910039
1910039
1910039

SAMPLING DATE

6/9/97
6/9/97
6/9/97
6/9/97

6/3/97

6/10/97

6/5/97
6/5/97

6/3/97
6/3/97
6/9/97
6/9/97
6/9/97
6/3/97
6/9/97
6/9/97
6/3/97
6/9/97
6/3/97
6/9/97
6/3/97
6/9/97
6/9/97

SAMPLE TYPE

Post Air Stripping
Blend DW/chlorinated

Blend
Blend

Chlorinated

Post Air Stripping

GAC Effluent
GAC Effluent

Blend
Blend/chlorinated

Blend DW/chlorinated
Blend/chlorinated
Blend/chlorinated

Blend DW/chlorinated
Blend/chlorinated
Post Air Stripping
Post Air Stripping
Post Air Stripping
Post Air Stripping
Post Air Stripping

Blend
Blend

Post Air Stripping

RESULTS (PPB)

ND
h ND

ND
ND

ND

72

ND
ND

ND
ND
ND
5
4
24
29
ND
77
72
ND
ND
42
38
ND
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Attachment 2. Pei-chlorate In Production Walla with Treatment (tram Water Quality AuthoHty Database)

Suburban Water Systems

Bartola Well 201W-4
Bartola Well 201W-6
Bartola Wells Blend

Big Dalton GAC comb.
Big Oalton GAC comb.
Big Dalton GAC comb.
Big Dalton GAC comb.
Big Dalton GAC #2 1/2
Big Dalton GAC #2 1/4
Big Dalton GAC #2 3/4
Big Dalton GAC #3 1/2
Big Dalton GAC #3 1/2
Big Dalton GAC #3 1/2 ,
Big Dalton GAC #3 1/4 j
Big Dalton GAC #3 1/4 j
Big Dalton GAC #3 1/4
Big Dalton GAC #3 3/4
Big Dalton GAC #3 3/4
Big Dalton GAC #3 3/4
CA Reservoir 121 R1
CA Reservoir 121 R1
CA Reservoir 121 R1
CA Reservoir 121 R1

Reservoir 125 R1
Joanbridge East Well (06E)

Lante Reservoir
Lante Reservoir
Lante Reservoir
Lante Reservoir
Lante Reservoir

Lante Well
Lante Well
Lante Well
Lante Well
Lante Well
Lante Well

1910174
1910174
1910174
1910205
1910205
1910205
1910205
1910205
1910205
1910205
1910205
1910205
1910205
1910205
1910205
1910205
1910205
1910205
1910205
1910205
1910205
1910205
1910205
1910205
1910009
1910009
1910009
1910009
1910009
1910009
1910009 ,
1910009
1910009
1910009
1910009
1910009

6/9/97
6/11/97
6/11/97
5/29/97
6/3/97
6/6/97
6/11/97
5/29/97
5/29/97
5/29/97
6/3/97
6/6/97
6/11/97
6/3/97
6/6/97
6/11/97
6/3/97
6/6/97
6/11/97
5/29/97
6/3/97
6/6/97
6/11/97
6/3/97
5/29/97
5/29/97
6/3/97
6/6/97 j
6/6/97
6/6/97
6/6/97
6/6/97
6/6/97
6/6/97
6/6/97
6/6/97

Chlorinated
Chlorinated

Blend/chlorinated
GAC Effluent
Chlorinated
Chlorinated
Chlorinated

GAC Effluent
GAC Effluent
GAC Effluent
GAC Effluent
GAC Effluent
GAC Effluent
GAC Effluent
GAC Effluent
GAC Effluent
GAC Effluent
GAC Effluent
GAC Effluent
Chlorinated
Chlorinated
Chlorinated
Chlorinated
Chlorinated
Chlorinated
Chlorinated
Chlorinated

Drinking Water
Drinking Water
Drinking Water
AOP Influent
AOP Effluent

GAC Effluent (primary vessel)
GAC Effluent (polishing vessel)

GAC Combined Effluent
GAC 1/2 depth polishing vessel

NO
ND
ND
387

5
33
25

416
413
42
25
32
35
40
36
36
5
19
31

12.2
5
7
9

ND
ND
66
10
8
8
8

64
64
45
10
17
16
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Attachment 2. Porehlorato In Production Wolls with Troatmont (from Water Quality Authority Databaoo)
Lante Well
Lante Well
Lante Well
Lante Well
Lante Well
Lante Well
Lante Well
Lante Well
Lante Well
Lante Well
Lante Well
Lante Well

Lante Well GAC #2 1/2
Lante Well GAC #2 eff.
Lante Well GAC #1 eff ,
Main GAC combined
Main GAC #1 port 2?
Main GAC #1 pot 3?

1910009
1910009
1910009
1910009
1910009
1910009
1910009
1910009
1910009
1910009
1910009
1910009
1910009
1910009
1910009
1910009
1910009
1910009

6/6V97
6/6/97
6/6/97
6/6/97
6/6/97
6/6/97
6/6/97
6/6/97
6/6/97
6/6/97
6/6/97
6/6/97
6/3/97
6/3/97
6/3/97
5/29/97
5/29/97
5/29/97

AOP Influent
AOP Effluent

GAC Effluent (primary vessel)
GAC Effluent (polishing vessel)

GAC Combined Effluent
GAC 1/2 depth polishing vessel

AOP Influent
AOP Effluent

GAC Effluent (primary vessel)
GAC Effluent (polishing vessel)

GAC Combined Effluent
GAC 1/2 depth polishing vessel

GAC Effluent
GAC Effluent
GAC Effluent
GAC Effluent
GAC Effluent
GAC Effluent

66
66
39
9
17
12
67
68
36
9
16
11
14
18
7

NO
NO
NO
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Attachment 2. Perehlorate In Production WoNo wtth Treatment (from Water Quality Authority Database)
COMMENTS

Blend of Wells 1. 5A. and Softer air stripping._____
Blend of Wells 2. 3, 5A, 6. and 8 after cnioriaation???
Blend ol Wells 2,̂ 3, 5A.and6 _______~
Blendjof Wells 3, SA^ and 6 prior to air stripping.

Residual C12 was 0.52 mg/L

PriorJ<^Chlorination._ ___ _________________ ______
After Chlorine jnjectiofi Ppint̂  _ __ _____________ ______
Blend from Weirs"BIIATBIIB, B9B, B7C."ancTB7E. Residual C1^vvaTfJ75lng/L.
Water frorr^BS, well is transferred to B5 large for storage prior to distribution. Residual C12 was 0.62 mg/L.
Blend from Wells^SA. B5B, andjJSC. Residual C12 was 0.59 mg/L. _______ ___________
Residual C12v«is 0^52 mg/L _ _____ __ _ ___ __ ~
Blend from Wells B6C,and B6D. Residual C12 was 0.51 mg/L. ~'" ~'

Afteî Air Stripping
After Air Stripping
After Air Stripping
After Air Stripping
Combined effluent after air stripping.
Combined effluent after air stripping.
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Attachment 2. Porehtorato In Production WoH* with Troatmont (from Water Quality Authority Databaco)

ResjdyalC12 was_0.09_rng/L. __________ _ _ _ _ _
Residua[_C12was_0.08 mg/L __ ___ _____ _____ _
Sample taken at the Chlormation Building Residual C12 was 1 09 mg/L
GAC vessels 1 &_2^ojribjned^effluent:_bjend._ ________ ________ _
Combined effluent from GAC Vessels #3 & 4. Residual C12 was 1.49 mg/L
Combined effluent from GAC Vessels #3 & 4. Residual C12 was 0.92 mg/L.
Combined effluent from GAC Vessels #3 & 4. Residual C12 was 0.84? mg/L.
Sampled at 1/2 depth, prior to breakthrough.___________________
Sampled at 1/4 depth, prior to breakthrough _ _ _ _ _ _ _ _ _ _ _ _ _ _
Sampledjat 3/4 depth, prior to breakthrough ______________________
Sampled at 1/2 depth. 5th day of filter run________________ __
Sampled at 1/2 depth. 7th d_ayof filter run __ __
Sampled at 1/2_depth._12th__day_of filter run__ _________ ___
Sampled at 1/4 depth. 5th day of filter run__________________ _
Sampled at1/4 depth. 7th~day of filter run ~
Sampled aM/4 depth. 12th day of filterj-un ___
Sampjjed at 3/4^d^p .̂jBth day of fitter run __ __ ______
Sampled at 3/4 depth,,_7thi day_pf fitter run __ _ ___ _____
Sampled at 314 depth. J2Jh_day of filter run__ _ _____ __
Blend pripr_to_distributipn. Residual C12 was 0.63 mg/L.____ ___
Blend from~Blgl)aiitibrC'l39W-2. ~1i'SQW-Vi 39W-5, and 139W-6~ Residual C12 was 0.7 i
Blend from Big Dalton, 139W-2. 139W-4. 139W-5, and 139W-6 Residual C12 was 0 94 mg/L.___ __ ____
Blend from'Big Dalton. 139W-2^ 139W-4. 139W-S. and 139W-6. Residual C12 was 0.92 mg/L --_- --- - -^ " ______
Residual C12 was 070? mg/L ___ ___ __ __ ____ _______
Residual C12 was 013 mg/L __ _ _ _ _ _ _ _ ___ _ ___ _ ______ _ ______.._-..
Residual C12 was 0 11 mg/L^ __ __

Post AOP (secondary monohydrogen peroxide feed rate); sampled at 11:06am. ______ _______ __________ ___ _ ____ ___
Post AOP (secondary monohydrogen peroxide feed rate); sampled at 11:46am._____ __ __ ___ ______ _ _______ _
Post AOP (secondary monohydrogen peroxide feed rate); sampled at 12:09pm._____ ______ ________________ ___ ______
AOP influent - Lante Res.; sampled at 10:40am. _____ ______________ ____ ______________ _ ______ _____
AC>P effluent (prejimmary monohydrogen peroxide feed rate); sampled at 10:50am. ___________ _ _ _________________ ______ _
GAC cross-over between primary and secondary vessels, sampled at 10:51 am. ______ _ __ __ __ __________ ___ _________
GAC effluent of polishing vessel; sampled at 10:59am.________________ ____________________________ _________________
Combined effluent of both GAC vessel union (note: flow in one vessel train is higher than the other due to carbon placement and stainer differences?); sampled at 11 01am
Post AOP (final monohydrogen peroxide feed rate); sampled at 10:56am. ____ _ __ _________________________
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Attachment 2. Porehlorato in Production WoHo wNh Troatawnt (from Water Quality Authority Database)
AOP Influent - Lante Raw; sampled at 11:30am
AOP Effluent (preliminary monohydrogen peroxide feed rate); sampled at 11:29am.
GAC cross-over between primary and secondary vessels, sampled at 11 32am
GAC effluent of polishing vessel; sampled at 11:38am.
Combined effluent of both GAC vessel union (note: flow in one vessel train is higher than the other due to carbon placement and stainef differences?); sampled at 11 42am
Post AOP (final monohydrogen peroxide feed rate); sampled at 11:15am.___________________________________ _____________
AOP Influent - Lante Raw; sampled at 12.10pm____ _ _ _ _ _ _ _ _ _ ____ ______ __ ______________-.__.._____
AOP Effluent (preliminary monohydrogen peroxide feed rate); sampled at 12:12pm __________________________________________________________
GAC cross-over between primary and secondary vessels, sampled at 11 57am________________ _________________ __________._...__
GAC effluent of polishing vessel; sampled at 12:03am ____ ____ __ ___________ _______ _ _ _______ _ _
Combined effluent of both GAC vessel union (note: flow in one vessel train is higher than the other due to carbon placement and stainer differences?), sampled at J 2j 09pm
Post AOP (final monohydrogen peroxide feed rate); sampled at 12:09pm ______________ ________________ _ __ _ _ _ _ _ _ _
Sampled at 1/2 depth.

GAC vessels 1 & 2 combined effluent blend
Sampledjat 1/2 depth. _ __
Sampled at 3/4 depth.
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Attachment 3

LITERATURE SEARCH FROM THE SUTTER/CHS HEALTH RESOURCE CENTER LIBRARY



Suftet/CHS Health Resource. Center
Library

This is the Information
you requested on:

4#k<A*( M gjtt wt CffM. <urn* ^ X)'M ** ĵ *^

If the libranj staff can be of further assistance, please call us.

Moncfoy - Frittey
10:00 - 5:00

(916)722-2?79 FAX
5HRC@CWO.COM EMAIL

The enclosed materials are not intended for diagnosis: they are for general informational purposes only.
These materials do not include all medical information that may be relevant to your request, and are not a
recommendation for any particular treatment, medlcalfon or course of conduct. The enclosed materials should not be used
as a substitute for seeking advice or treatment from a medical doctor. V/e strongly recommend that you consult your
physician for any medical condition.

Suffer Cance* Cento
2ffOO LStwfit, 6th Floor

Sacrqmento, California; 9E?16

Visit our WEB Page!
htt|K//www.sutter-chs.org

dick on "Health &Wellness"
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Trip MO ; Ouren OR ; Uiersinga UM
Two cases of amiodarone-induced thyrotoxicosis successfully
treated with a short course of anti thyroid drugs while amioda"on
was continued.
TOX3 18 / 95/433 71&
Br Heart J/ VOL 72, ISS 3, 1394, P266-8
Tuo patients with amiodar one-induced thyro toxicosi s i~/ere treated
successfully vi th potassium perchlorate and carbimazole uhile
treatment with amiodarone vas continued. These anti thyroid drugs
u/ere stopped after the patients had became clinically and
biochemically euthyroid. During follow up, uhen treatment ui th
amiodarone continued, thyrotoxi cos is did not recur.
Amiodar one-induced thyrotoxicosis seems to be a transient
condition that can be treated successfully uith a short course $
anti thyroid drugs without stopping amiodarone treatment.

Laure P ; Stierle F
Me thaemogl obinaemia:
TOX8I3/93/2S3187
Intensive Care Hed;

an unusual case report [letter]

VOL 19, ISS 2, 1993, PI 24

AU - van Dam EU ; Prummel MF ; Uiersinga UM ; Nikkels RE
TI - Treatment of amiodarone- induced hypo thy roidism with potassium

perchlorate .
SI - TOX8 18/93/1 89042
SO - Neth J Hed; VOL 42, ISS 1-2, 1993, P21-4
A8 - The antiar rhythmic drug, amiodarone, induces thyroid dysfunction,

which is potentially dangerous in cardiac patients. After
discontinuation of the drug it takes several months before
euthyroidism is restored. The potent antithyroid drug, potassium
perchlorate (KC1Q4), is used successfully to treat
amiodarone-induced thyrotoxicosis, but it is less well known as
potential treatment in amiodarone-induced hypo thy roidism. In this
case report we describe the successful use of two courses of
KC104 treatment in a cardiac patient with severe
amiodarone-induced hypo thyroi di sm. The mechanisms responsible for
the amiodarone-induced hypo thy ro i di sm and rationale for th? u$e>
of KC1O4 in this condition are discussed.

CONTINUE PRINTING? (YES /NO)
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-U' - Spiller 06 ; Tidd OH
[ - Abrogation of c-HYC protein degradation in humar. lymphocyte

— x lysates by prior precipitation with perchloric a^iJ.
SI - TOX8I8/92., 259982
SO - J Iminunol Methods; VOL 149. ISS 1, 1992. P29-35
A3 - Conventional lysis bu'fers, though containing cocktails of

protease inhibitors, aid not prevent the degradation of c-MYC
recombinant protein added immediately prior to lysis to cell
pellets from human mixed lymphocyte cultures. Treatment of the
cells with 4.2* perchloric acid, however, prevented protein
degradation and facilitated the detection of C-HYC protein by
Uestern blotting even in unstimulated lymphocytes, where
previously it had been reported to be undetectable or barely
detectable using this technique. PHA stimulation of lymphocytes
induced an approximately six fold increase in measured c-MYC
protein within 5 h if cell extracts were prepareJ using
perchloric acid precipitation. However, using conventional lysis
buffer the pro to -oncogene protein was urdetec tac! e until 48-72 'i
after mitogen addition. Pretreatment with perchloric acid may be
useful for Uestern blotting analysis of protein in other systems
where it may be desirable to dispense with the use of toxic
protease inhibitors o- where these may be incompletely effective.

5
AU - Reichert LJ ; de Rooy HA
Tl - Treatment of amiodarone induced hyper thy roidism <~ith potassium

perchlorate and methimarole during amiodarone treatment.
^ - rOX8I8/89/336&49
SO - 8MJ ; VOL 298, ISS 668.', 19S9f PI 54 7 -8
A3 - To exploit the an tiarrhy thmi c effect of amiodarone <*>hen patients

develop the side effect of thy ro toxicosis three patients ui th
hyper thy roi di sm induced by amiodarone uere given simultaneously 2
g potassium perchlorate a day for 40 days and a starting dose of
40 ing methimazole a day uhile they continued to take amiodarone.
As hyper thy roidism might have recurred after potassium
perchlorate treatment uas stopped the dose of methimazoie <*>as not
reduced until biochemical hypo thy roidism (raised thyroid
stimulating hormone concentrations) vas achieved. The patients
became euthyroid (free trii odo thyronine concentration returned to
normal values) in tuo to five weeks and hypothyroid in 19 to 14
ueeks. One patient became euthyroid vhile taking 5 mg methimazol*
a day and 68& mg amiodarone weekly; the tuo others required
substitution treatment uith thyroxine sodium while taking 5 mg
methimazole or S3 mg propyl thiouraci 1 (because of an allergic
reaction to methimazole) and 2109 or 1400 mg amiodarone weekly.
Hyper thy roidism induced by amiodarone may be treated with
potassium perchlorate and methimazole given simultaneously while
treatment with amiodarone is continued.
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TI - Amiodarone-induced hyper thyroidism: assessment of the
value of biochemical testing and response to combined
using propylthiouraci1 and potassium perchlorate.

SI - TOXBIB/88/2S9687
SO - Aust N Z J Hed; VOL 13, ISS 1, 1988, P37-44
A8 - In order to assess the value of thyroid function testing during

amiodarone therapy, we reviewed all available tests in 128
patients treated with this drug. Nine patients (7.0*) developed

^^ biochemical hyper thy roidism with elevation of both free thyroxine
Index (FT4I) and free triiodo thyronine index (FT3I) and marked
suppression of serum thyroid stimulating hormone (TSH) after 1-46
months of therapy; six of these nine patients had clear clinical
evidence of thyroid overactivity. Uhere serial tests were
available before development of hyper thy roidism, this
complication developed suddenly, despite previously stable normal
indices of thyroid function, and could not be predicted by
currently-available biochemical tests such as T4, T3, sensitive
TSH, thyroglobulin or sex hormone binding globulin (SH8G) assays.
Clinical features such as unexplained weight loss, proximal
myopathy, exacerbation of arrhythmia, or heat intolerance appear
to be the key to prompt diagnosis of this complication.
Hyper thy r ox inemia without T3 excess was found in 32.8* of
patients without progression to true hyper thy roidism. Serum TSH
remained detectable by sensitive assay in 17 out of 18 patients
with ami odar one-induced euthyroid hyper thyr oxinemi a and was
significantly higher than in patients with equivalent
hyperthyroxinemia due to thyroxine therapy. Serial levels of SHBG
were higher in patients with true hyper thy roidism than in those
with euthyroid hyper thy roxinemia. The effect of combined
treatment with propylthiouraci1 (809 mg/day) and potassium
perchlorate (800 mg/day) was evaluated in five of the six
clinically hyperthyroid patients. Biochemical euthyroldism was
achieved after 7-19 weeks, a response slower than previously
reported, indicating that this drug combination does not result

-"' uniformly in prompt resolution of amiodarone-induced
hyper thy roidism.
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- Treatment of amiodarone associated thy rotox i cos is by simultaneous
administration of potassium perchlorate and me thimazol e.

- TQXBIB/37/Q99636
- J Endocrinol Invest; VOL 9. ISS 3, 1986, P201-7

'S - Amiodarone iodine induced thyrotoxicosis occurs frequently in
patients residing in areas of mild iodine deficiency and in
patients <->ith preexisting goiter. Drug therapy of the
hyper thy re * di sin is often unsuccessful. Twenty- three patients ui th
amiodarone induced thyro toxicosis uere either not treated,
treated uith 4& ing methimazole daily or uith methimazole and 1 gm
potassium per chlorate daily for up to 40 days and then with
methimazole alone. Thyrotoxicosis vas more likely to
spontaneously remit in patients uithout goiter. Therapy with
methimazole alone uas unsuccessful in inducing euthyroidism in 5
patients uith goiter. Houever, combined therapy ui th methimazole
and potassium perchlorate rapidly alleviated hyper thy roi dism i n

x almost all patients uith goiter. This drug combination is
successful because perchlorate inhibits the active transport of
iodine into the thyroid and methimazole blocks the in trathyroi Jal
synthesis of thyroid hormones.
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euthyroidism in amiodarone iodine-induced hypo thy roidism.
SI - TOXBIB/87/988999
•?0 - J Clin Endocrinol Me tab; VOL 63, ISS 5. 1936, PI 233-6
15 - Ue studied the effect of potassium perchlorate (KC104) in

patients uith hypo thy roi dism due to amiodarone. The short ter-n
administration of KC1Q4 to six such patients led to prompt
restoration of euthyroidism. uhile the three untreated patients
remained hypothyroid for 2-6 months. Since KC1Q4 inhibits thyroid
iodide transport, thereby blocking furthe* entrance of iodide
into the thyroid and decreasing intrathyroidal iodide content,
amiodarone-associated hypo thy roidism is probably secondary to the
inhibitory effect of excess intrathyroidal iodine on thyroid

v — x hormone synthesis.
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V - Previous stuJ^e* rave s;'?o~'.v t.'i* r serum Liters ;i f t hy.-oid - sf-e. ;/"'.-
> antibodies such as try ro i J-s timu 1 a ting ." nmunogl jbui ins (TSI).

TSi-f-Ji spl acing antibodies ('DA}, c r- mi c ' o s j>ma 1 antibodies (."Mb?
decrease in patients ui t'/ Graft's ' disease during therapy ui th
thionamide drugs (TO;. In keeping uith some in vitro result* .'r
uas postulated that TO h^ve tin imini.'nosupp res sive action uhic'i r.v,
be partly responsible for the beneficial effects. To further
elucidate this theory, u/e compared the changes in TSI during
treatment uith TO such as methimazole (*NI) and propylthiouracil
(?TU) as uell as <*ith perchlorate (PC), an unrelated compound
uith a different ,node of therapeutic action. Of 69 patients uith
hyper thy ro id i sin due to Graves' disease, serum from 62 (96%) uas
positive for TSI, as measured by cAMP accumulation in a thyroid
tissue culture assay. Six patients had to be excluded due to
noncompliance. Of the remaining 56" patients, those 41 subject-
(731) uith good csntnl of the disease i^ere followed up to T-?
months during dose-adjus ted and thyroid treatment. All patients
uith an uncomplicated course of treatment had a decline in the
initially increased TSI values on either drug regimen. Five c f 2 •„*
patients receiving PT'J and 8 of 13 patients receiving MMI reaches
normal TSI levels; so did 11 of 18 patients receiving PC. There
uas no individual correlation between TSI decrease and drug
dosages or the serum T4 and T3 levels. In all 3 groups, houever,
c? decrease in mean T1 and T3 levels preceded the fall in TSI. ffy
grouping the patients according to whether they had more than a
rtf* decrease in tne initial TSI values after either 2 months o•"
more than 4 month* -.•> ~ t'eatment, it could be shcun that the late
responders had significantly higher T4 and T3 levels after 2
months of treatment. The similar patterns of change in TSI during
treatment uith TO and PC are strong evidence against an
immunosuppressive effect of TO. If any direct interference
occurs, a tovic effect on intrathyroidal lymphocytes by
intrathyroidal drug accumulation COL;Id be the cause of the
disappearance of TSI ^ith both drug types. On tne other hand, the
data provide indirect evidence for the theory that the
restoration of the euthyroid state is the cause of decreasing TS-
levels and normalization of the immune regulation in many
patients during treatment uith an ti thyroid drugs.
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Long-term use of potassium perchlorate

J. M. C. CONNELL
M.B., M R.C.P.

Department of Medicine. Western Infirmary, Glasgow

Summary
A case of Graves' disease with potassium per-

chorate for 22 yean without Ul effect is described.
ThyrotoxJcosis recurred 4 weeks after the medication
was withdrawn, suggesting that enthyraUism had been
maintained by chronic use of the drag. As toxitiry of
perchlorate is probably dose related, it is suggested
that long-term use of low dose perchlorate may be no
more hazardous than alternative antithyroid therapy.

Introduction
Potassium perchlorate was extensively used as an

antithyroid agent in the late 1950s and early 1960s
(Crooks and Wayne, 1960): by competitive inhibi-
tion of the trapping of iodide by the thyroid it was
effective in reducing thyroid hormone production
by the gland, and consequently in relieving symptoms
of thyrotoxicosis (Godley and Stanbury, 1954). No
evidence has been produced to suggest that it might
influence the natural course of thyrotoxicosis.
Following reports of toxicity, in particular of bone
marrow hypoplasia (Barzilai and Sheinfeld, 1966) it
fell into disfavour, and is now used mainly for
investigative purposes. The author now reports a
case of long-term use of potassium perchlorate.

Case report
A 72-year-old female was referred to the Thyroid

Clink in August 1980 with symptoms of thyrotoxi-
cosis. She had undergone a partial thyroidectomy
in another hospital in 1945 for thyrotoxicosis. In
1956, she was diagnosed as suffering from pernicious
anaemia, and started on regular vitamin B,, therapy.
In 1958, her thyrotoxicosis recurred both clinically
and biochemically. She was rendered euthyroid with
potassium perchlorate, one g/day by mouth for
one month, and maintained thereafter on 200 mg/
day, with good control of symptoms. She remained
clinically euthyroid on this therapy without ill effect
until May 1980, when her GP stopped the potassium
perchlorate. Four weeks later she developed symp-
toms of thyrotoxicosis, including weight loss, heat

intolerance and excessive sweating, and was re-
ferred to the Thyroid Clinic. Apart from pernicious
anaemia affecting a maternal aunt, she gave no
other history of note.

On examination she was clinically thyrotoxfc
with warm moist palms and hyperkinetic movement!
She had a tachycardia of 120 beats/min. A smal'
diffuse goitre was palpable, with the left lobe bein|£
larger than the right; no bruit was audible. That
was no ophthalmopathy. Other examination wat
unremarkable.

Initial thyroid function tests confirmed the clinical
impression with a T4 of 245 nrnol/l (normal ranjr >
59-174), T, of 4-2 nmol/1 (normal range 1-29-3-3)
and a free thyroxine index of 77-4 (normal rang*
17-8-46-1) (Amersham radioimmunoassay kit). Thy-
roidal uptake of "Mat 20 min after i.v. administra-
tion of the tracer was elevated at 9-7% of do«
(normal range 2-8%); the precipitin test for thyro-
globulin antibody was negative. A technettum
of the thyroid showed a diffuse uptake of isotope, witt
the left lobe more active than the right. Haemogtobii
was 11 -3 g/dl with an MCV of 88 fl; WBC wm
5-3xIO*/l, with normal film appearances; platekt
count was normal at I94x 10*/1.

A diagnosis of Graves' disease seemed reasonabk
in view of her history of pernicious anaemia, and tat
diffuse thyroid scan appearance. In view*of her ayv
and recurrent nature of her illness, she was trea
with radioactive iodine ('"I) by mouth, and is
clinically euthyroid.

Comment
This appears to be a unique case with main*

of culhyroidism by the use of potassium perchli
over a period of 22 yean. The temporal relation
between withdrawal of perchlorate and recurrence*
thyrotoxicosis suggests that perchlorate was
sponsible for the maintenance of euthyroidism,
continued chronic intrathyroidal iodine
With the withdrawal of perchlorale, unt
excessive iodide trapping was able to occur, te tdiq
to excessive thyroid hormone production;
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situation is analogous to the cases of thyrotoxicosis
'unmasked' in populations by the introduction or
dietary iodine supplementation (Connolly, Vidor
•nd Stewart, 1970).

This patient received potassium perchlorate Tor
22 years without any untoward effects. The reports
of adverse reactions to potassium perchlorate sug-
gested that these effects of the drug were dose related
(Morgans and Trotter, I960), and it may be that
low dose perchlorate (200 mg) is no more toxic than
the current generation of thiourylene antithyroid
drugs (Barzilai and Sheinfeld, 1966).
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Similar Effects of Thionamide Drugs and Perchlorate on
Thyroid-Stimulating Immunoglobulins in Graves'
Disease: Evidence against an Immunosuppressive Action
of Thionamide Drugs
KLAUS W. WENZEL AND JOACHIM R. LENTE
Thyroid Research Group, Klinikum Stcgtitz. Freie I'nivcrxitdt. Berlin. West Germany

ABSTRACT. Previous studies have shown (hat <erum liter*
of thyroid-specific antibodies such as thyroid-siimiilni mg im
munoglobulins (TSI), TSH-displacing antibodies (TUAl. or mi-
crosomal antibodies iMAbl decrease'in patients with Graves'
disease during therapy with thionamide drugs (TD). In keeping
with some in vitro results it was postulated that TD have an
Immunosuppressive action which may be partly responsible for
the beneficial effects. To further elucidate this theory, we com-
pared the changes in TSI during treatment with I'D such as
methimazole (MMI) and propylthiouracil (PTUt as well as with
perchlorate (PC), an unrelated compound with a different mode
of therapeutic action.

Of 69 patients with hyperthyroidism due to Grave* disease,
serum from 62 (90%) was positive for TSI, as measured by
cAMP accumulation in a thyroid tissue culture assay. Six pa-
tients had lo l« excluded due to nunrnmplinnce. Of I ho remain
ing 56 patients, those 41 subjects (T,\%) with good control of ibe
disease were followed up to 24 months during dose-adjusted
antithyroid treatment. All patients with an uncomplicated
course of treatment had a decline in the initially increased TSI

values on either drug regimen. Five of 10 patients receiving PIT'
and rt df 1,1 patients receiving MMI reached normal TSI level*:
<« did 11 of 18 patients receiving PC. There was no individual
correlation between TSI decrease and drug dosages or the serum
T, and Ti levels. In all 3 groups, however, a decrease in mean
T, and Ti levels preceded the fall in TSI. By grouping the
patients according to whether they had more than a 20^ de-
crease in the initial TSI values after either 2 months or more
than * months of treatment, it could be shown that the late
wponders had significantly higher T, and Ti levels after 2
mont hs of treatment.

The similar patterns of change in TSI during treatment with
TO and PC are strung evidence against an immunosuppressive
effect of TD. If any direct interference occurs, a toxic effect on
mirathyroidal lymphocytes by intrathyroidal drug accumulation
riHild I* the cause of the disappearance of TSI with both drug
I\IK-X On the other hand, the rtala provide indirect evidence for
t rw I hcory that the restoration of the euthyroid stair is the c*u*e
of decreasing TSI levels and normalization of the immune reg-
ulation in many patients during treatment with antithyroid
drugs. (J Oi/i Endocrine! Mttob 58: 62. 1984)

IN 1969, Pinchers etaL(\) reported a gradual decrease
in LATS activity in the sera of Graves' patients who

were treated with antithyroid drugs. In recent years,
further longitudinal studies have also shown that TSH-
displacing antibodies (TDA) (2-9), thyroid-stimulating
immunoglobulins (TSI) (4, 9-11), and microsomal anti-
bodies (MAb) (5, 12) often decline or disappear during
treatment with thionamide drugs such as methimazole
(MMI), carbimazole (CBI), or propylthiouracil (PTUV—
It was, therefore, proposed that thionamide drugs had an
immunosuppressive effect upon antibody production (5,
8, 10). Some in vitro experiments supported this view (.r>,
13, 14). To examine this hypothesis, we studied the
course of serum TSI levels during treatment with PTU,
MMI, or perchlorate (PC) in similar groups of Graves'
hyperthyroid patients (15). Unexpectedly, TSI activity
in serum did not persist during therapy with PC, but

showed a decline similar to that occurring during thaa-
amide medication. To rule out uncertainty due to
small numbers of patients or the short duration of
study, we extended the survey to a total of 56 patient

Although side effect* of PC have not proven to be i
major problem (16), this drug has not been frequeadr
used for the treatment of hyperthyroidism during
last 2 decades. Before commencing this investigatjiw,
therefore, we reviewed the literature concerning a
reactions during PC treatment. It was evident, howewc,
from 2 large series of 200 (17) and 180 (18) patients,
severe adverse reactions, such as agranulocytosis.
likely to occur only when large doses of more than
mg PC were administered, while doses lower than
mg PC had fewer side effects than thionamide drugs.

Materials and Methods

Received February 23. 1983.
Address requests for reprints to: Dr. Klaus W. Wenzel. Kanlstraise

14, 1000 Berlin 12, West Germany.

TSI assav

TSI values were determined by measuring cAMP
lation in the supernatnt of primary tissue culture* of
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thyroid cells from s|>c<'iiiM*ns ol>lained f rom r i i l l u r m d pa l i i ' i iK
with diffuse K'litcrs ( I ! ) ) . Tin- ori^iim! inf i l led w. -- improved Its
i modified cell purif icat ion method developed fur (he S I - I U I M I K H I
of lymphocytes from thyroid tissue (20). In brief, rescu od
thyroid specimens were minced, incubated w i t h Disp.isi- II
iBoehringer Mannheim, New York, N Y ) , and passed throutfh
i tissue sieve. The filtrate was layered onto a three-step discon-
tinuous Percoll gradient (density, 1.077, 1.061. and 1.030 g/ml.
respectively). Thyroid cells appeared in band II. whereas deliris
wu separated in the upper band, and blood cells were separated
in the lower band. Using a modification of the original method
(19), a suspension of 10* viable cells/well was precultured in
Falcon multiwell tissue plates (Falcon Plastics. Los Angeles,
f A) for 24 h at 37 C before the addition of 0.2 ml serum to
rsch well. After incubating the thyrocyte cultures for another
24 h, 50 M! of the spontaneous supernatant were taken for
measuring cAMP by RIA (Becton Dickinson, Mechelen, Bel-
fium). TSI activity was calculated by comparing the cAMP
response (pmol cAMP/ml) induced by a test serum with the
response to a pooled normal human serum. The results were
ripressed as the percentage of the control values.
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Since 50 individual normal sera had an average value of KM) ±
J0% (3D) in comparison with the control pool, TSI activity
higher than 120% was considered as positive. This was in exact
concordance with the results of others who used this method
of calculating TSI activity (21).

The sensitivity of this system, tested with various doses of
bovine TSH, was 10 «U TSH/ml. The intraassay coefficient of
million for 10 single measurements of different sera ranged
bom 4.4-8.4%. The interassay variation in 12 different esti-
•atkma showed a CV of 6.8% with 2 strongly positive sera, hut
•ihcr sera had wide variations or even became negative. Al-
though the authors of the original method found that varying
•umbers of Graves' patients were TSI positive with different
thyroid preparations, probably due to different properties of
the cell membranes, repeated estimations with 5 different thy-
roid specimens yielded a 100% prevalence of TSI in Graves'
patients (22). Therefore, in this study all samples from each
Mflo individual were always estimated in 1 TSI assay.

Hormone concentrations in serum were determined by com-
mercial RIA assay kits, using normal ranges established in this
laboratory: T4 by Quantimmune-T4-RIA (Bio-Rad, Richmond,
CA), normal range: 4,5-12, 4 pg/dl; T, by TVRIAcid (Henning,
West Berlin, West Germany), normal range: 50-220 Mg/dl.

rVient*

Of 69 patients with unequivocal hyperthyroid Graves' dis-
nut, 62 (90%) subjects had measurable TSI activity in serum.
Sii patients were excluded because of noncompliance with
therapy. Thus the longitudinal study was performed with 56
patients. In 7 the hyperthyroidism was difficult to control. One
patient receiving MM I and 5 receiving PC required varying
drug doses; excess iodine intake was a possible cause in (he
lotur. One patient did not respond to 60 mg MMI nnd could
wry be controlled by addition of lithium carlxjnnte. The diita

. fionSpatienU (2 on PTU, 5 on MMI. I on PC) who developed

;i s M u l p M n r "i ^o i i r r r n ln rRemen t . |»orsisliiin TSI, low T, miH
I n i n l c r l i i i r ( l c \ ; i i p < l T, have lieen published previously (.'I.
SHUT ( I n - purpose of th i s study was to examine (he effect of IV
on serum TSI levels, only data from the remaining 41 patien't
w i i h «ood con t ro l dur ing the therapy will be presented.

All p a t i e n t s were studied at the time of their first occurrence
of hyperthyroidism. which had a duration between 2 months
and, at most. 2yr i no differences in the subgroups). The average
ajies of the patients in the 3 subgroups were not significantly
differem I PTU group, 38 ± 12 (±SD) yr; MMI group, 39 ± 11
yr; PC group. 35 ± 14 yr). Thyroid scan showed a normal sired
thyroid in 12 out of the 41 patients, while diffuse enlargement
was present in 8 of 10 subjects on PTU, 9 of 13 patients on
MMI, and 12 of 18 subjects on PC treatment. Graves' ophtal-
mopathy was present in 8 of 10 (PTU). 9 of 13 (MMI), and 14
of 18 (PCi subjects.

Antith^roid treatment

DrujPdoses were adjusted according to serum T, and T
levels; usually the dose was halved after T.i had reached the
normal range. Treatment was started with three doses per day.
After reduction to daily doses of 10 mg MMI or lower and 50
mg I'Tl' nr lower, only one dose in the morning was recom-
mended, while PC was administered in two or three doses per
day. For adjustment of drug doses, serum T4 and Ti went
determined every- 3-4 weeks during the early phase of treatment
and subsequently every 6-8 weeks or at longer intervals after
control of the disease.

Patients were assigned randomly to the subgroups for med-
ication. Ten patients were treated with PTU, starting with 300
mg/day: i he dosage was reduced gradually to final doses ranging
from 2-S-IOO mg PTU/day. Thirteen patients took MMI with
gradual reduction from 60 mg to final doses of 2.5 to 10 mg/
day. Eighteen patients received PC. starting with 900 mg; this
was adjusted to 40-120 mg PC/day. None received thyroid
hormones. Occasionally in the early phase, propranolol in low
doses (40-60 mg/d) was given. The 38 women in this study did
not take oral contraceptives.

Statistical analysis was performed using Student's r test for
paired comparisons and the Wilcoxon rank test.

Results
The changes in TSI liters during treatment are de-

picted in Figs. 1-3. Individual values are given because
the scatter of early and late responders could not have
been recognized by drawing a line of average values. The
init ial TSI levels were between 130-340% in all 3 group*,
and there was a gradual decline in TSI in all patients.
During MMI treatment (Fig. 1), 8 of 13 patients reached
the normal range after 4,5,8,9,10. 11,12. and 14 months
of treatment, respectively. In 2 patients, TSI became
positive again after 20 and 22 months. In 7 of 10 patients
on PTU (Fig. 2). initially elevated TSI values rose further
during the early phase of treatment. Although such a
smnll group allows only tentative conclusions, the de-
layed resjwxise to ITU treatment probably resulted from
the initial dose of PTU (300 mg/day). On the other hand.



64 \VENZEL AND LENTE JTF t M •
Vnl M •

FlC. 1. Course of TSI in s«r» of 13 in-
dividual hyperthyroid Graves' patients
during long term treatment with MMI
(values above the shaded area are posi-
tive) and mean serum T, and Ti values
(the vertical bar* represent the sn, and
the .thaded area depicts the normal
range).

the severity of the disease in the PTU-treated group may
have been more severe because the initial serum T4 and
T.i levels and the proportion of patients with goiter and
ophthalmopathy were higher in this group. After the
initial rise, the TSI tilers decreased, reaching the normal
range after 5,8,9,14, and 14 months, respectively. Eleven
of 18 patients receiving PC (Fig. 3) also reached normal
TSI values after 2, 2, 4, 8. 10, 10, 12, 12, 15, 18, and 20
months, respectively; 1 individual developed positive val-
ues after 20 months.

Statistical analysis of individual values did not show
any correlation between TSI levels and serum T4 and Ti
concentrations or drug dosages. Figures 1 and 3 show
rapid normalization of the T« and T3 levels, with sub-
normal T4 levels after 2 months of MMI treatment and
after 1-4 months of PC treatment. In PTU-treated pa-
tients (Fig. 2), the decreases in T4 and Tj were later and
less pronounced because of the relatively low dose used,
as mentioned above. The fall in individual and average
values of T4 and Ts always preceded the decreases in
TSI. Figure 4 shows that the group of late responders
(>20% decrease in the initial TSI elevation after 4
months of treatment) had higher T4 and T3 concentra-
tions during the first 2 months of treatment, even though
the drug dosages were not different from those of early
responders (>20% decrease in TSI within the first 2
months of medication).
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Dtocussion
A gradual decrease in antithyroid antibodies occurs •

the majority of patients with Graves' disease durai
treatment with thionamides (1-12). There has been »-
creasing discussion as to whether this phenomenon •
caused by immunosuppressive properties of thionamii
drugs (5, 8, 10, 13, 14). In vitro studies of lymphocjt
activity provide support for this assumption (3, 13, 141
but were not confirmed by others (24, 25). This longto-
dinal study was designed to obtain further informatiei
concerning the presumed immunosuppressive actions 4
MMI and PTU by comparing their TSI-suppresaive be-
havior to that of the unrelated inorganic drug PC. It
striking, however, that the decrease* in TSI activity •
serum were similar during treatment with PC and durai
treatment with thionamide. These findings have impi-
cations for the understanding of the interaction betwea
antithyroid drugs and autoimmune phenomena •
Graves' disease. Several possible mechanisms have tok
discussed.

The decline in TSI activity in serum could reffctf
remission of the underlying immunological disturbua
(12). This theory could explain the persistence of TSI it
a minority of patients treated with either drug and fc
disappearance in the others. If changes in TSI reflect
natural course of the disease, the decrease in TSI s
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FK. 2. Course of TSI in sera of 10 individual hvperthyroid Graves' patients durinf! long trrm treatment with PTU (values about tht shaded area
ait positive) and mean serum T, and Tj values (the vertical bar* represent the sn. and the shaded area depicts the normal range).

be distributed over varying time intervals during treat-
Bent with antithyroid drugs. However, it is obvious from
this and other studies that the onset of TSI decline is
•imilar in most responding patients; a pronounced fall in
TSI and TDA usually occurred during the first 2 months
11,3,5,7, 8, 10). A more rapid decline in TSI during the
first 2 months of therapy was related to lower serum T4
andTj in the early phase of treatment, indicating a more
complete blocking effect on thyroid hormone synthesis.
Furthermore, a decrease in TSI levels did not occur in
16 patients during 2 months of propranolol treatment
15).

A general immunosuppressive effect of antithyroid
drugs is unlikely for several reasons. It would not explain
why antithyroid antibodies persist in some patients in
cpite of treatment; moreover, a low dose regimen (1, 4,
8,15) achieved virtually the same results as larger doses
(3,5, 6,8, 10, 23). Since there have been no suggestions
that PC has immunosuppressive activity, the findings
during PC treatment do not support the existence of an
iouminological action of antithyroid drugs as they are
uwd clinically. In addition, studies on mice immunized
with sheep red blood cells provided no support that MMI

had any act ion on the antibody-forming system (1) . More
recently, in vitro experiments have shown that MMI and
PTU are capable of reducing the secretion of total im-
munoglobulin and MAb (5) or thyroglobulin antibodies
(14) by pokeweed mitogen-stimulated lymphocytes from
patients with Hashimoto's thyroiditis. However, whether
this effect occurs in vivo remains to be established,
because serum concentrations of MMI (26-28) or PTU
(29-31) are at least 10 times lower than the effective in
vitro concentrations, i.e. 10"s us. 10~* M (5, 13, 14, 24.
25).

McOlregor et al. (5) postulated that the beneficial ef-
fects of thionamide drugs in Graves' disease depend on
their immunosuppressive action upon lymphocytes ac-
cumulated in the thyroid gland. This concept is based on
the findings of McLachlan et al. (32) that lymphocytes
from the thyroid glands of Hashimoto patients were
capable of synthesizing MAb in larger amounts than
peripheral lymphocytes. Such specific production by in-
trathyroidal lymphocytes was recently shown by the
same authors for thyroglobulin antibodies from Hashi-
moto's (33) and Graves' thyroid preparations (34).
Thionamide concentrations in the thyroid are about 10-
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fold higher than those in serum (35, 36), close to the
concentrations shown to be immunosuppressive in vitro
(5, 14). The possibility of inhibition of lymphocytes in
the thyroid by thionamides is supported by the observa-
tion of reduced lymphocytic infiltration of the thyroid
during CBI treatment (37) and by a fall in thyroid-
specific TDA (with persistence of gastric parietal cell
antibodies) during treatment with CBI in Graves' disease
(38).

The concept of intrathyroidal immunosuppression of
lymphocytes by thionamide drugs would have been sup-
ported by an opposite result of this study, i.e. persistence
of elevated TSI levels during therapy with PC. Presum-
ing that intrathyroidal lymphocytes are responsible for
thyroid antibody production, one could speculate that
selective accumulation of PC in the gland has toxic
effects on these lymphocytes, and that thionamides have
the same action. Unfortunately, no data are available
concerning PC concentrations in the thyroid gland. In-
direct evidence may lie derived from the results of PC
discharge tests, where PC is capable of displacing up to
96.G^o of radioactive iodine during CHI treatment (39).
Considering that at least one PI' ion is necessary for

displacing one iodine ion, and that the molar weights «f
PC and iodine are similar, one may calculate from tit
iodine content of normal thyroids in Germany (40,41)i
concentration of about 40 mg PC/g thyroid (~0.5 x Iff4

M). This concentration strikingly corresponds to prelim-
inary in vitro results where PC concentrations lower tha
.S x |<)~ * M did not affect the viability of lymphocyte*•
judged by trypan blue exclusion. On the other haM
thionamides, whose maximal intrathyroidal coocentn-
tions are 10~4 M (35, 36), would not achieve conce
lions sufficient to produce a toxic action upon
cytes in vitro that require 10"s M (5,14).

Moreover, PC as well as MMI and PTU oust
located mainly in the follicular cells. Those
are. therefore, remote from the clusters of ly
and interaction with them seems somewhat unli
Furthermore, accumulation of MMI in intrat
lymphocytes was recently excluded (42). Taken
these results do not support the theory that antith;
drugs have an immunosuppressive action on int
roidal lymphocytes; if there is any such action, it
be a toxic one depending on local drug concentration.

Another mechanism could be that Irath drug t;
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FlG. 4. Mean serum T, and Ti levels during antithyroid treatment with MMI. I'TL'. or PC. Group A represents early responders. with a
than 20% fall in serum TSI values within 2 months of treatment: group B represents late responders. with a more than 20^ fall in TSI only after
4 months of therapy. Serum T, and T, levels in group A were significantly lower after 2 months of treatment, whereas drug doaages at 2, 4, and
12 months after the commencement of therapy were similar in croups A and R.

cover antigenic sites, thus reducing antigen availability.
This possibility may be supported by the findings that
PTUand PC both inhibited the binding of TSH to Ixwine
thyroid membranes at concentrations of lO'MO'5 M,
whereas lower concentrations had stimulatory effects
(43).

Finally, and most likely, the decline in TSI activity in
tenun could be due to the restoration of immunological
regulation as the patient becomes euthyroid again (44).
Current understanding of autoimmune responses as-
sumes that humural antibodies result from a disturbance
in lymphocyte immunoregulation (45). Animal experi-
ments have shown that hyperthyroidism itself also re-
sults in diminished T suppressor lymphocyte function,
thus tending to be a self-perpetuating factor (46). When
the tendency for normalization of the abnormal suppres-
sor function after treatment (47-49) is taken into ac-
count, it would appear that the hyperthyroid state itself
alters immune function. Abnormal lymphocyte responses
in patients with Graves' hyperthyroidism returned to
normal when the patients became euthyroid (50), al-
though some reports were not confirmatory (51, 52). The

evaluation of lymphocyte subsets in hyperthyroid
Graves' patients revealed a decrease in T suppressor
cells, which was partly abolished after achievement of
euthyroidism by PTU treatment or radioiodine therapy
(53). Using an automated cell sorter, a qualitative, but
not <|iinnliUitive, abnormality of T suppressor cells was
found during hyper- or hypothyroid states in patients
with autoimmune thyroid disorders (54). Diminished
splenic T suppressor cell counts in hypothyroid rats were
normalized by Tj; however, experimental hyperthyroid-
ism did not cause a change, perhaps due to the very short
duration (17 days) of Tv induced hyperthyroidism (55).
A recent report described an inverse correlation between
T, lymphocytes and thyroid hormone levels in Graves'
patients, in so far as hyperthyroid patients with or with-
out antithyroid medication (presumably thionamides)
had diminished counts, while euthyroid patients receiv-
ing antithyroid medication or in remission had normal
counts. Although it is not yet clear whether T, lympho-
TvTes have mainly cytotoxic or suppressor cell properties,
these results support the view that thyroid hormone
levels alter lymphocyte populations and properties (56).

I
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The present study, of course, does not provide direct
support for the possible influence of the hyperthyroid
state on the immune responses, in part because nonre-
spenders with respect to TSI decrease were also main-
tained in a euthyroid state. [A subgroup of eight patients
with a distinct syndrome of low T4 and high Ti levels
has been recorded separately (23).| However, it can be
seen from Figs. 1-3 that in all three groups of thionnmide
or PC-treated patients, a decrease in the mean serum T4
and Ti levels preceded the fall in TSI; such were also the
individual changes. Similar patterns were reported by
others (2, 3, 10). Figure 4 demonstrates that patients
with a more rapid decrease in TSI had concomitantly
more pronounced decreases in serum T« and Ti.

In conclusion, the findings during PC treatment do
not confirm the theory of either a general or an intrathy-
roidal immunosuppressive action of thionamide drugs,
although an intrathyroidal toxic effect of both thionam-
ides and PC cannot be completely excluded. While not
proven, it seems most likely that restoration of the
euthryoid state by the blocking effect on biosynthesis of
thyroid hormones is the cause of the decreasing TSI
levels during antithyroid drug therapy in many patients.
In some patients, the defect in immunoregulation may
be so severe that restoration of a euthyroid state makes
no substantial difference in the TSI levels.
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Treatment of amiodarone associated
thyrotoxicosis by simultaneous administration of
potassium perchlorate and methimazole'
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ABSTRACT. Amiodarone iodine induced thyrotoxicosis occurs frequently in patients residing in
areas of mild iodine deficiency and in patients with preexisting goiter. Drug therapy of the
hyperthyroidism is often unsuccessful. Twenty-three pajjejits with amiodarone induced thyrotox-
icosis were either not treated, treated with 40 mg methimazole daily or with methimazole and 1 gm
potassium perchlorate daily for up to 40 days and then with methimazole alone. Thyrotoxicosis
was more likely to spontaneously remit in patients without goiter. Therapy with methimazole alone
was unsuccessful in inducing euthyroidism in 5 patients with goiter. However, combined therapy
with methimazole and potassium perchlorate rapidly alleviated hyperthyroidism in almost all
patients with goiter. This drug combination is successful because perchlorate inhibits the active
transport of iodine into the thyroid and methimazole blocks the intrathyroidal synthesis of thyroid
hormones.

INTRODUCTION
Amiodarone. a benzofuranic derivative containing 37 5
mg of iodine per 100 rng of active drug, is widely used
for the treatment of tachyarrhythmias and ischemic
heart disease and has a prolonged hall life of approxi-
mately 3-4 months (1 -7) This drug inhibits the outer
ring, 5'-deiOdinalion. of lodolhyronines resulting in an
increase in serum T4 concenlrations. a decrease in
serum T3 concentrations and an increase in serum
reverse T3 concentrations (8-13) Furthermore, some
patients treated with amiodarone develop clinical and
biochemical evidence of iodine induced hyperthyroi-
dism or hypothyroidism (3, 5, 6. 14-18) Amiodarone
associated iodine induced thyrotoxicosis (AAT) is
more frequently observed in areas of mild iodine defi-
ciency (Continental Europe) than in areas of sufficient
iodine intake (USA and UK) (18) AAT is often a serious
complication since it develops in patients with cardiac
disorders and because its treatmenl has thus far been
disappointing.
This represents a difficult clinical challenge Thionam-
ide drug therapy is generally less effective in this condi-
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lion (19-23). the frequenily observed tow thyroid radk>-
iodme uptake prevents the use of radioactive iodine
(I3'l) and Ihyroideclomy is often too dangerous to be
considered in cardiac patients with uncontrolled thyro-
loxicosis Recently Wimpfheimer el al. (20) reported
that the administration of prednisone with carbimazole
did control the hyperthyroidism in two patients with
AAT The present study describes our experience with
various antithyroid drug regimens in a large number of
patients with AAT and suggests that the combination of
perchlorale and methimazole is efficacious in the
treatment of AAT in patients with goiters

MATERIALS AND METHODS
Pstients
Studies were carried out in 23 patients with AAT (13
males. 10 Inmales. aged 32-77 yr) residing in West
Tuscar iy Italy a region of mild iodine deficiency They
had received long-term treatment with amiodarone
(mean 17 months, range 4-60 months) at a dose of
1000- 2800 mg / week for lachyarrhylhmias or ischemic
heart disease Twenty patients were found to be hyper-
thyroid during amiodarone administration and amioda-
rone was discontinued when the diagnosis was estab-
lished AAT appeared 2-3 monlhs after withdrawal of
the drug m the other 3 patients. The diagnosis of hyper-
thyroidism was established in all patients by (he finding
of an elevated free T} index (FT3I) and clinical manifes-
tations of thyrotoxicosis including weight loss, sweat-
ing, nervousness, tremor and increasing heart rale
despite amiodarone administration. Nine patients with
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hyperlhyroidism were followed monthly lor 6-10
months without anlilhyroid drug therapy (Group A > The
remaining 1 4 patients were divided into two groups Six
patients were given 20 mg melhimazole (MMI) twice
daily (Group B) Since this proved lo be ineffective in
inducing eulhyroidism. 8 subsequent patients were
given the same dose of MMI and potassium perchlo-
rate (KCIOJ. 1 0 g/daily (Group C) Two patienis in the
latter group had been unsuccessfully treated with MMI
(40 mg/day) and predmsone (60 mg/day) for one
month KCI04 was withdrawn as soon as iho p.iiionts
reached Ihe euthyroid state and in no case was the
drug continued lor more than 40 days. Palienls receiv-
ing KCI04 were monitored with complete blood counts
and urmalysis.

Biochemical Studies
Total T4 (TT4) and total T3 (TT3) were assayed by RIA
using commercial kits (T4 RIA and T3 RIA Kits ARIA II.
Becton Oickmson Laboratory Syslem. Milan. Italy), free
T. index (FT4l) and free Tj index (FTjl) were calculated
as the product of the T3 resin uptake (Tnlule Kit. Miles
Italiana S p A Ames Division. Milan, Italy) and the TT4
and TT3. respectively: serum thyrolropin (TSH) was
assayed by a commercial kit (Byk-Mallincrodl S p A .
Milan, Italy) Anlithyroglobulin and antimicrosomal an-
hhodios wore rtcler mined by passive hemagglutmalion
( Thyroid Test Kit and Microsomo Test Kit. Fu|«oki 1
Pharmaceutical Co. Tokyo. Japan) The urinary excre-
tion of iodine was measured by the modified method of
Zak using an autoanalyzer Technicon apparatus (24)

Table 1 - Baseline studies m patients with amiodarone iodine induced /nyrofoxicos/s (AA T)

Receiving
armodarone

' Patieni at lime TT4 TT3
' no Age/sex of dx (//g/dl) (ng/dl) FT4I

Group A
: I 56 F Yes 157 321 230

2 68 F Yes 110 450 149
3 77 M Yes 170 289 160

i 4 39 F Yes 213 259 261
5 73 M Yes 172 410 188
6 46 M Yes 159 255 167

> 7 50 F Yes 127 234 120
? 8 68 M Yes 270 203 383

9 44 F Yes 122 345 137
Mean±SE I67±I6 307 .I* 27 4 I99±?7

Group B
10 44 M Yes 174 ?84 231
11 36 M Yes 305 277 396
12 58 F y 270 450 270
13 52 M Yes 140 293 172
14 70 M Yes 110 294 180
15 61 F Yes 209 226 307

Mean±SE 201 ±3.1 304±309 259±34

Group C
16 32 M Yes 13.1 356 177
17 59 M 3* 254 306 362
18 47 M Yes 176 466 250
19 62 F r 165 249 207

) 20 57 M Yes 300 349 366
21 52 M Yes 214 390 230
22 54 F Yes 155 215 216

' 23 56 F Yes 147 266 1&7
Mean±SE 193±21 3246±291 249±26

Normal 42-120 100-210 4-11
range

•Number of months off anwodarone al time of diagnosis ol AA T

'

TSH Thyroid
FT3I y/J/ml) AbTg AbM Examination

471 <05 neg neg Normal
450 <05 neg neg Normal
271 <OS neg neg Normal
318 <05 neg neg Normal
447 <05 neg I 1.600 Normal
268 <OS 1100 125.600 Diffuse goiter
223 <05 neg neg Multinodutar gorter
288 < 0 5 neg neg MuDinoduiar gorter
379 < 0 5 neg neg MuHinodu*ar goite;

346 l±309

378 <05 neg neg Normal
363 < 0 5 neg neg Diffuse goiter
450 <05 neg. neg. Diffuse go4er
359 <05 neg neg MuHinoduiar gorier
482 < 0.5 neg neg MuHinoduiar goiter
331 <05 neg neg. MuHinoduiar gofer

393 8 ±24

485 <05 neg neg Normal
429 <05 neg neg Normal
662 <05 1100 16.400 Diffuse gorter
3)2 <05 neg 16.400 Diffuse goder
437 <05 neg. neg MuHinoduiar gofer
418 <05 neg. neg Muftinodular goiter
300 < 0 5 neg. neg MuHinoduiar goiter

'

338 <05 neg neg Single not nodule 1
4226±414 \

100-208 05-38
i
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Therapy ol amiodarone thyrotoxicos/s

Diagnosis ol Amiodarone Associated Thyroioncosts
Since TT4 and FT,i may be elevaied and TT, and FT ,l
are always normal or low in eulhyroid pahcnls chroni
cally treated with amiodarone (9. 11. 18). ihe diagnosis
ol AAT was made on Ihe basis of elevated serum TT3
and FTjl and undeieclable serum thyrolropm (TSH)
concentrations m the presence of clinical evidence ol
hyperthyroidism (18) The urinary iodine excretion was
high in all subjects al the lime ol diagnosis, ranging
from 700 to 4500/>g iodine /g crealmme Urinary iodine
excretion in normal, eulhyroid subjects residing in West
Tuscany. llaly. and not receiving iodine containing
drugs averages 77 B/jg iodine/g creatinme (range 55-
130).

Statistical A nalysis
Comparisons between Ihe mean serum TT4. FT4I. TT,
and FT3I concentrations were made by analysis ol
variance (ANOVA) Elsewhere, ihe Fisher exact proba •
bility lest (25) was used.

RESULTS
Baseline Studies and Thyroid Examination (Table 1)
Mullmodular goiter was present in nine, a diffuse goiter
in five, unmodular goiter in one. and an absence ol
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Fig 2 - Senai f Tti and F ry values m 6 patients with amioda-
rone associated thyrototicosis treated with methimazole
Closed and open circles represent patients with or without
underlying ihytoid disease, respectively. The shaded bars
represent the normal ranges lor FTJ and F TJ

delectable goiter in eight ol Ihe 23 patients with AAT at
the time of diagnosis. Four palients had positive anli-
microsomal antibodies, suggesting underlying auto-
immune thyroid disease. The patients were all clinically
ihyrotoxic and serum TT3 was elevated in all except 1
patient while FT3I was elevaied in aH 23 patients. Al-
though serum TT, or FT4I were elevated in all patients,
these thyroid (unction tests may also be elevaied in
eulhyroid patients receiving amiodarone (6-13). There
was no significant difference in mean serum TT,. FTJ.
TT3 and FT3l values in the 3 groups.
The Course ol Thyroid Function in Untreated Patients
(Group A. fig. 1)
Following ihe diagnosis of AAT. amiodarone was dis-
continued in all 9 patients in this group. The 4 palients
with gcxter were still hyperthyroid 6-7 months later
while the 5 patients without goiter (one of whom had
positive antimicrosomal antibodies, patient no. 5) be-
came clinically and biochemically euthyroid within 2-4
nmnlh«; <r> »!n vs nongoiter. rcmission< 4 monlhs.p< 0 01)
Jhf Fllrf t nl MMI Therapy (Croup 8. fig 2)
In spile ol Ihe administration of MMI (40 mg daily), the 5
patients with goiter remained clinically and biochemi-
cally hyperthyroid during the time Ihey were observed
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Fig. 3 - Serial FTj and FTJ values in 8 patients with amioda-
rone associated thyroloxicosis treated with methimazole plus
KC>Ot The duration ot KC/0, therapy is represented Oy the
solid lines The doited lines represented values alter KC/0,
was discontinued. The ? patients without underlying thyroid
disease fo) did not receive any additional anlithyroid drug
therapy, while patients with underlying thyroid disease <»)
required S-20mg /methimazote daily to maintain the eulhyroid
stale

on therapy (3 patients, 3 months and 2 patients. 6
months). The only patient in this group without goiter
and with negative antibodies became euthyroid after 3
months of therapy (patient no. 10).

The Etlect ot Combined MMI and KC/04 Therapy
(Group C, Fig 3).

In 7 patients, combined therapy with MMI (40 rng daily)
and KOO, (1 g daily lor 16-36 days) resulted in a rip«j
tail ol serum FT,! and FT3I into the normal range and
(he lestoralion o( clinical euthyroidism within 16-36
days alter therapy was instituted Included in this group
were 2 patients (no 17 and 22) who failed lo respond to
a previous one month course of therapy with predni-
sone and MMI The excellent therapeutic response
occurred m patients with or without goiter. In the re-
maining patient m this group (no 21). thyrotoxicosis
persisted for 40 days at which time KOO, was discon-
tinued because of mild neutropenia but MMI was con-
tinued This palienl became eulhyroid three and one-
hall months later Thus, five of 6 patients with goiter
treated with MMI and KCI04 became euthyroid within
36 days of the institution of therapy while no patient with
goiter treated with MMI alone became euthyroid before
3 months (p < 001).
After KCI04 was discontinued, the two patients (no 16
and 17) without goiter and with negative antibodies
remained euthyroid for al least 2-4 months without MMI
therapy In contrast, the 6 patients with goiter required
5-20 mg MMI daily to maintain (he euthyroid slate
during the period of observation In three of these pa-
tients. MMI was discontinued along with KCI04 and
thyrotoxicosis recurred within 2 to 3 weeks requiring
the reinstitution of MMI therapy. The remaining three
patients were maintained continuously on MMI
Sequential measurements of urinary iodine exaction
immediately prior to and during antithyroid drug ther-
apy were carried out in 6 patients receiving MMI and
KCI04 and in 2 patients receiving MMI alone. Urinary
iodine excretion progressively decreased in all palienls
receiving combined drug therapy, reaching normal
values m five of the 6 patients by 1 lo 3 months of

~~ therapy and decreasing markedly in the reamamg pa-
tient (Fig 4). Iodine excretion in five of these'patients
transiently increased between 2 and 15 days alter
combined therapy was instituted In contrast, urinary
iodine excretion remained elevated in both patients

4000

>u

Days TIME
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Fig 4 - Serial values ol urmaty ndine
excretion expressed as ug iodine tg
creaimne m 6 patients with amodt-
'one associated ihyroto*icosis treat-
ed *rilh melhimazole plus KC>Qt The
6 dittetenl symbols represent mdrvrj-
ual patients ULN is upper lunt rjl O-
dme excretion m normal subjects.



Therapy ot amtodarone

treated with MMl alone Alter 6 months ol therapy.
urinary iodine excretion was 325 and 1000/>g iodine /'g
creatmine in these two patients
Except lor mild transient leukopenia m one patient and
mild transient epigastric distress in 3 patients, no ad-
verse side ellects were observed in the 8 patients
treated with KCI04

DISCUSSION
In the present study, the course ol AAT following with-
drawal of amiodarone was evaluated m patients not
receiving antilhyroid drug therapy and in those treated
with 2 different antithyroid drug regimens The course
ol the patienls with AAT whodid not receive anlithyroid
drugs is similar to that reported by others (19. 20. 22).
suggesting that AAT may spontaneously remit within a
few months in some patienls However, it should be
emphasized that this remission does not occur in all
such patients In addition, our study indicates that the
coexistence of underlying thyroid disease adversely
affects the natural history of AAT Thus, four of the 5
untreated patients who became euthyroid 2-4 months
after diagnosis had no apparent underlying thyroid dis-
ease, while all tour patienls with goiter remained thyro-
toxic for at least 6-8 months.
The results obtained in the six patients with AAT treated
with high doses Of MMl are in agreement with previous
observations, suggesting that this type of thyroloxico-
sis is relatively resistant to thionamides (19-23) Five
patienls, all with underlying thyroid disease, treated
with 40mg MMl daily remained clinically and biochem-
ically thyroloxic for 3-6 months The one patient in this
group who became eulhyroid after 3 months of MMl
therapy had no evidence of coexistent thyroid disease,
suggesting the possibility of a spontaneous remission
rather than a specific effect of MMl therapy.
It has been reported that the administration of predni-
sone with (20) or without (23) carbimazole induced a
rapid remission of AAT. In the present study, this com-
bined therapy was ineffective in 2 patients. The reason
lor this discrepancy is unclear Further studies with a
larger number of patients are required in order to de-
termine the effectiveness of Ihionamide and cortico-
steroid therapy in patients with AAT.
Potassium perchlorate depresses thyroid hormone
synthesis by competitively inhibiting iodide uptake by
the thyroid gland. This drug was used in the 1950's for
the treatment of hyperthyrotdism (26. 27). The use ol
this anion in combination with MMl had been advocat-
ed for thyrotoxicosis (28). However, prolonged admin-
istration of KCI04 was subsequently abandoned since
severe toxic reactions such as fatal aplastic anemia
and nephrotic syndrome were occasionally observed
(29, 30). These severe complications were almost
always associated with large doses of KCI04 (more
than 1 g daily). However, daily doses of 1 g or less have
recently been reported to be successful in the long-
term treatment of Graves' disease without serious side

eflecls_i3!) in the present study, we considered that
the potential risk ol severe AAT in cardiac patients
luslided a short -term trial of KCI04 therapy (1 g daily lor
a maximum ol 40 days) under very careful hemaloiogic
and urinary monitoring Except lor 1 palienl with tran-
sient neutropenia. no side effects of KCIO, were ob-
served All but one of the 8 patients who received
combined MMl and KCI04 therapy rapidly became eu-
lhyroid by clinical and biochemical parameters within
24 weeks ol the institution ol therapy The decrease in
serum thyroid hormone concentrations was similar in
patients with or without evidence of underlying thyroid
disease Follow-up study after withdrawal ol KCIO,
suggests that the patients without apparent coexistent
thyroid disease remained euthyroid without further
treatment, while those patienls with gorier, with or with-
out positive thyroid antibodies, required low doses ol
MMl to maintain the euthyroid state. The present find-
ings suggest that the short -lerm administration of
KCIO, reduces the prolonged refractoriness to thio-
namides observed in many patienls with AAT treated
with MMl alone
The mechanism of the synergistic action ol KCI04 with
MMl in the therapy of AAT remains unclear. KCI04
could exert its action by inducing a rapid depletion ol
excess intralhyroidal iodine whose organification is
blocked by the concomitant administration. of MMl.
KCI04 would also block further entrance ol iodide into
the thyroid since it is a potent inhibitor ol the active
transport of iodide from plasma into the thyroid. In
keeping with this concept was the frequently observed
rapid increase in urinary excretion followed by a pro-
gressive decrease in patients treated with MMl and
KCI04 This is in contrast with the persistently high
urinary iodine excretion observed in the two patients
treated with MMl alone Although the mechanism by
which amiodarone induces thyroloxcosis is not com-
pletely clear. K seems likely thai the high iodine content
of the drug plays a crucial rote (15). This concept is
further supported by recent data using fluorescent thy-
roid scans in patients receiving long-term amiodarone
therapy (21). Leger et al. reported that the thyroid iodine
content in AAT was elevated only during the thyrotoxic
phase, returning to normal after remission ol the hyper-
thyroidism Interestingly, thyroid iodine content in eu-
thyroid amiodarone treated patients was normal On
the basis of this finding, these Authors speculated that
thyrotoxicosis in amiodarone treated patients '» the
consequence of a failure ol the inhibitory effect of
excess iodide on the organification of iodide resulting
in a subsequent increase in thyroid hormone synthesis
(21). Another explanation could be that the thyroid
iodide trap, which normally decreases in the presence
ol excess plasma iodide, thereby protecting the thyroid
against excessive intrathyroidal iodine, fails to de-
crease in patienls who develop AAT.
The results of the present study suggest that AAT may
spontaneously remit and that this occurs more fre-
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quently in patients without underlying thyroid disease
Thus, careful observation of these patienls. perhaps
employing beta blocking drugs, may be considered m
patients with Ihyrotoxicosis and no evidence of qoiier
Thionamides alone appear to be relatively ineffective m
the treatment of AAT. especially in the presence of
goiter The short-term administration of KCIO, in asso-
ciation with MM) appears to be effective in rapidly
controlling the Ihyrotoxicosis Due to the potential toxic-
ity of KCI04. its use should be reserved lor those pa-
tients with clinically severe AAT and careful monitoring
of potential side effects should be carried out
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LETTER TO THE EDITOR

More on KCI04 and amiodarone associated thyrotoxicosis

Sir.
In areas ol mild iodine deficiency Ihyroloxicosis is fre-
quently observed in patients receiving chronic arrnoda •
rone therapy (1) The palhophysiology of amiodarone
associated iodine induced Ihyrotoxicosis (AAT) is not
fully understood and Ms therapy has been long disap-
pointing Recently Marlino et al (2) reported Ihe suc-
cessful treatment of 7 on 8 cases ol AAT with Ihe
simultaneous administration of KCI04 and methimazole
(MMI) The paper ol Marlino et al represents undoubt-
edly an important progress in Ihe treatment of AAT. but
some problems remain open. A major one is: when to
slop KCI04 trealmenl? Both MMI and KCI04 have a
potential bone marrow toxicity: they should therefore
be used under careful hemalologic monitoring only in
severe cases of AAT. The concern about loxicity sug-
gests as short courses of therapy as possible, but the
mere normalization of T3 and T4 does not seem to be a
sufficient criterium to insure safe KCI04 withdrawal,
exposing to the risk of AAT relapse (3)
We report here the case of a 66-yr-old man with an
ischemic cardiomyopathy and episodes of ventricular
tachyarrhythmia which had been treated since f 984
with amiodarone 200 mg/d. Before the treatment T3
was 93 ng/dl (normal 80-220) and T4 was 92 yg/dl
(normal 5-12). After 40 months of therapy he deve-
loped alrial fibrillation and severe weight loss. He com-
plained also ol discomfort in the lower anterior region of
the neck, but no goitre was revealed by echography. Tj
was 115 ng/dl and T4 138 A*9/dl. An AAT was diag-
nosed and amiodarone was withdrawn. MM115 mg/d
was ordered, but one month later T3 and T4 had
reached respectively 270 ng/dl and 26/jig/dl. MMI was
then increased to 30 mg/d and KCK)4 600 mg/d was
added. In two weeks T3 fell to 180 ng/dl and T4 to 18
jjg/dl. and KCI04 was withdrawn. A week later T, had
increased to 185 ng/dl. KQ04 was so readministered
for ten more days, until T3 reached 114 ng/dl and T4
11.5 jig/dl. KCK)4 was then definitively withdrawn. MMI
was gradually reduced and then stopped, without rec-
urrence of thyrotoxicosis. No hematologtc disturban-
ces were observed, and the patient's sinus rhythm was
restored by means of an electric cardioversion.
AAT is most likely due to excessive intrathyrotdal io-
dine content. As Martino et al. (2) pointed out. Ihe
simultaneous administration of KCK)4 and MMI rapidly
removes the iodine surcharge from the thyroid MMI
blocks in fact iodine organisation while KCI04 con-
comitantty exerts a rapid depletion of the intrathyroidal
iodine overload and prevents further entrance of iodine

into the thyroid A premature withdrawal of KCK)4 may
lead to Ihe recurrence of AAT probably because the
iodine excess has not yet completely been eliminated
(3) in that case a second brief course of therapy with
KCiOj inducing further elimination of iodine, may ob-
tain Ihe definitive control of AAT. as shown by the case
of our patient So Ihe almost complete elimination of
iodine overload seems to be needed to avoid AAT
relapse in this sense, in patients treated with KCW4 and
MMI. the progressive decrease that follows Ihe initial
increase m urinary iodine excretion could indicate that
no) only the intrathyroidal, but also the exlrathyrotdal
iodme excess has been eliminated Could this de-
crease m urinary iodine excretion be the missing clini-
cal due to a timely and safe KCI04 withdrawal?

S Da/ Fabbro, I Dalle Mule.
and A Bndda
Dwsione Medica J' and Servrzw di Car&otogia.
Piesidio Ospedaliero ULSS 3, Viale Europa. 32100 Soft/no.
Italy
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This letter was forwarded to Dr. E. Mart/no whose
reply follows:

Sir.
We read carefully the interesting letter by Dr. Dal Fab-
bro and co-workers regarding the use of simultaneous
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administration of KCI04 and methimazole (MMI) lor the
treatment ot amiodarone-iodine-induccd thyroloxico-
sis (AITT). We are pleased to realize that this therapeu-
tic regimen was effective in controlling the Ihyrotoxico-
sis in the case reported. As pointed out by the Authors,
however, the important clinical question of when KCI04
should be withdrawn is still open In our seoes( 1) KCK)4
was interrupted as soon as the patients reached clini-
cal and biochemical evidence of euthyroidism (corres-
ponding to a period of combined treatmenl of 19-42
days) and no subsequent recurrence of Ihyrotoxicosis
was observed. In the case reported by Oat Fabbro el al.
the first course of KCK)4 + MMI therapy was rather
short (2 weeks) and KCt04 was withdrawn when serum
thyroid hormone concentrations were still elevated, in-
dicating that euthyroidism was not yet achieved Their
suggestion that normalization of iodine urinary excre-
tion could be a good indicator for a "timely and safe
KCK)4 withdrawal" is certainly pertinent and interesting
In all our patients, however, the urinary iodine excretion
(although reduced with respect to the pre-trealment
values) was still very high when KCI04 was slopped,
and waiting for normalization of urinary iodine excretion"
would have implied more prolonged KCK)4 administra-
tion, with increased probability of drug loxicrty A diffi-
culty encountered in treatment of AIIT with combined
KCI04 and MMI was the variability in the time needed
for a good therapeutic response observed in the indi-
vidual patients. In our experience patients with underly-
ing thyroid disorders required more prolonged treat-
ment when compared to those with AIIT without other
apparent thyroid abnormalities. Although the precise
mechanism responsible for this phenomenon is still
unknown, it has been recently shown that the presence

of underlying thyroid disorders markedly affects thi 1
absolute mlrathyroidal iodine content in amiodarorw-l
treated patients in spite of similar degree of exlrathy-j
roidal iodine overload (2).
In conclusion, although sequential determination ol 1
urinary iodine excretion is an extremely useful tod in i
the follow-up of AIIT patients toquantitate the degreed '
iodine overload, it would appear that selection of the
most convenient time of KCI04 withdrawal is based on ;
the achievement of clinical and biochemical evidence j
of euthyroidism.

E Martino
Caiiedra di Endocrinotogia. Universila diCagliari. 09)00 Ct-
gliari. Italy
S. Mariolti. F. Aghini-Lombardi. and A Pinchera
Canedra di Endocrinotogia. Universila di Pisa. 56100 Pot.
Italy
LE Braverman
University ol Massachusselis Medical School. Worcester?
MA USA
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LETTER TO THE EDITOR

Delayed control of iodine-induced thyrotoxicosis with a
thionamide after KCIO, withdrawal
Sir
In a recent letter. Do WoweiK.'ct n< (1 i report''<) .vet ,i:n
ing ol biochi imcyl hypcrlhyroidism aflor wi|h<Ji<iw;il ol
KOO, (administered lor 8 days) despite the mainte-
nance of high closes ol melhimazole (MMI). in a patient
with amiodarone associated thyrotoxirosis (AATi This
observation contrasted with the report of Martmo el ai
(2) whose patients with AAT were treated with MMi and
KCI04 during 40 days and remained eulhyroid with
MMI alone alter KCIO4 withdrawal
Our patient, a 60-year-old woman, had been treated lor
months with an iodine-containing Imclus lor bronchial
asthma She lost 30 kg in 6 months before lo consult
Clinical hyperlhyroidism (tachycardia finger tremor,
sweating hands and mirilmodular goiter) was con-
firmed by biochemical data (Fig 1) The patient was
treated with propylthiouracil (PTU) 400 mg/day and
KCIOj 900 mg/day lor 40 days with a rapid and sharp

o •;
o '•

r•ij

P V B»

Oecrrvtse of serum free Ihyroxine (FTj) Serum triiodo-
thyrMcpii i ' (T ,i decreased slightly Alter KCIOj wilhdra-
w;ii hum serum FT4 and T3 increased over a 2-week
penud Afterwards, their serum levels decreased agam
but more slowly than during the period of trealment wilh
PTU and KCI04. and returned lo normal values wilhin 3
months
Our observation showed thai the association of PTU
and KCiOj is successfully used m the trealment of
hyporthyroidism induced by lodinaled drugs PTU was
preferred to MMI because ol its peripheral inhibition ol
T. to T conversion However, eulhyroidism was not
(ilMa'M»d niter JO days ol treatment and. afler KCIO4
withdrawal, serum T, and FTj increased lor a short
period In addition, with PTU alone, the slope of the
decreasing curve of serum Tj and FTj was obviously
less sharp than that observed with PTU plus KCIOj
(Fig M These data confirm the usefulness of Ihionam-
ide and KCI04 association in the treatment of iodine-
induced thyrotoxicosis and the synergistic action of
both drugs provided they were administered for up to
40 days as suggested (2)

M. Bonnyns and P. Bourdoux
Saml-Pierre University Hospital

Brussels. Belgium

Fig. 1 - Modifications ol serum fTt and T3 in a patient wth
iodine-induced thyrotoxicosis treated with KC>O4 and PTU
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Treatment of amiodarone-induced hypothyroidism
with potassium pcrchlorate

E.W.C.M. van Dam J, M.F. Prummcl ". W.M. Wicrsinga h and R.E. Nikkels '
' Department of Internal Mcdi< inf. DC Wtier Zitkcnhuis. Herrlfii. Vrtlwrlamls; ^ Depanment of Endocrinology:
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The antiarrhythmic drug, amiodaronc, induces (hyroid dysfunction, which is potentially dangerous in
cardiac patients. After discontinuation of the drug it takes several months before euthyroidism is
restored. The potent antithyroid drug, potassium pcrchlorate (KCIO4). is used successfully to treat
amiodarone-induced thyrotoxicosis. hut it is less well known as potential treatment in amiodarone-in-
duccd hypothyroidism. In this case report we describe the successful use of two courses of KCIO4

treatment in a cardiac patient with severe amiodarone-induced hypothyroidism. The mechanisms
responsible for the amiodaronc-induccd hypothyroidism and rationale for the use of KCIO4 in this
condition arc discussed.

Key words: Amiodaronc; Thyroid dysfunction: Hynothynwlism: Pcrchlorate

Introduction

Amiodarone (AM), introduced for the treat-
ment of ischaemic heart disease, is often used lo
treat refractory cardiac arrhythmias [I]. Although
many adverse reactions have been reported |2|. it
is also an interesting drug for internists because
of its complex effects on thyroid function (3). One
tablet of 200 mg AM contains 74.4 mg iodine of
which about 10% is liberated in vivo (4). These
pharmacological doses of iodine (the optimal io-
dine intake, as recommended by the WHO. is
0.1-0.3 mg/day), can affect thyroid hormone
production [5]. AM-induced thyroid disorders arc
difficult to diagnose because AM also has a direct

lciu f l>i: C.W.C'.M. v;ni |);im. IK'pl. ol In
docrinntngy FS-25H, Academic Mcdicnl CVnlre. MeihcrgJrcvf
9. 1105 AZ Amsterdam. Netherlands.

inhibitory effect on the 5' deiodination of the
iodothyronines, resulting in a decreased plasma
concentration of triiodothyronine (T3) and in-
creased plasma concentrations of thyroxine (T4)
and reverse triiodothyronine (rT3) (6). Abnormal
thyroid function is not a rare event during AM
treatment. A recent prospective study showed
development of thyrotoxicosis in 12.1%, and of
hypothyroidism in 6.9% of AM-treated patients
(7). The latter occurs early in the course of AM
medication, especially in females with thyroid
auto-antibodies prior to treatment (7,8). AM has
a long half-life, probably due to storage in many
tissues. After discontinuation of the drug it can
take several months before restoration of the
cuihyroid state, a potentially dangerous period in
cardiac patients [9]. Martino ct al. reported that
patients with AM-induccd thyrotoxicosis or hy-
poihyroidism could be treated successfully with
potassium pcrchlorate (KGO4) (9.10). Treatment
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of AM-induced thyrotoxicosis with KCIOj. a po-
tent antithyroid drug, has been reported by oth-
ers, but the use of KCIO4 in AM-induced hy-
pothyroidism is less well known (10). In this case
report we will outline the presumed palhogcnesis
of AM-induccd hypolhyroidism and the mecha-
nism of action of KCIO4.

Case Report

A 63-yr-old man was admitted to the hospital
because of an exacerbation of his chronic bron-
chitis. In the previous four months he had com-
plaints of increasing fatigue, mental lethargy, cold
intolerance and constipation. His weight had in-
creased by 5 kg. Nine months earlier a diagnosis
of ischaemic heart failure had been made else-
where; the treatment prescribed was 100 mg AM
once daily, the cumulative dose of AM upon
admission being 27.3 g. Until admission he expe-
rienced no further signs of ischaemic heart dis-
ease. There was no personal or family history of
thyroid disease.

On physical examination, he appeared lethar-
gic and his speech was hoarse. Blood pressure
and pulse rate were normal and his thyroid gland
was not enlarged. There were symptoms of
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-—duonic bronchitis; no friction rub or murmurs
were audible.

An X-ray of the chest showed an enlarged
heart, hut no signs of heart failure. On ultra-
snnography there was global left ventricular hy-
pokinesia and slight pericardia! effusion. Licet ro-
cardiography showed sinus rhythm with first de-
gree atrioventricular block and a complete left
bundle branch block.

Scrum thyroid stimulating hormone (TSH. de-
termined by immunoradiometric assay) was ele-
vated (55.4 mU/l; N: 0.2-3.5 mU/l), with low
free T4 (FT4: 2.2 pmol/l; N: 9.0-26.0 pmol/l)
and total T3 levels (0.4 nmol/l; N: 1.0-3.0
nmol/l). No anti-microsomal or anti-thyroglobu-
lin autoantibodies could be shown. Thyroid ra-
dioactive iodine (IZ3I) uptake studies revealed a
high l-h thyroidal uptake of 29% of the adminis-
tered dose. Three hours after the administration
of 1 g potassium perchlorate. the uptake had
fallen to 3.3%.

A diagnosis of AM-induccd hypothyroidism
was made and AM was discontinued. In view of
the short duration, it was felt safe to rapidly treat
the severe hypothyroidism. The patient was
therefore given 500 mg of KCIO., twice daily for 3
wk. which resulted in rapid normalization of (hy-

10

too
days

hig. I. The course of free T4 (FT4) and TSH levels in a fi.Vyr-old man with amiodarone-induced hypolhyraidtsm. treated with
potnssium pcrchlorate (KC1O,). Reference ranges are indicaled hy bars (TSH-IRMA 0.2-3.5 mU/L FT4 9.0-26.0 pmol/l).



rnurs roid funclion and disappearance of signs anil
symptoms. Four weeks after discontinuation of

;cd KCIOj a biochemical relapse occurred. Alter ,in-
1 other 3 wk ol ire;ilincnl with 25<l ing of KCIO,
'"r-^_v- twice daily, rapid and lasting restoration ol thy-
-. ro- roid function followed (Fig. I). Careful monitor-
- dc- ing revealed no signs of toxicity nor coronary
•- left ischaemia. One year later the patient was still

; euthyroid.
- de-
s ele- Discussion
h low
r /I) Using AM, the patient was exposed to large

3.0 quantities of iodine. Exposure to iodine excess
;lobu- does not usually result in sustained thyroid dys-
i ' ra- , function because of several adaptive processes.
s d a First, transport of large quantities of iodide into
minis- the thyroid is followed by inhibition of hormone
ration synthesis: the Wolff-Chaikoff effect [llj. The
;. had • mechanism responsible for this phenomenon has

not yet been fully clarified, but depends upon
lidism ' high intrathyroidal iodide concentration. It has
• •/ of been suggested (hat the acute inhibition is due to
• real complcxing of oxidized iodide in the presence of
t was ' high concentrations of inorganic iodide to yield
y for 3 |~, which cannot be used in iodinalion reactions.
' thy- Secondly, it has been suggested that there is a

specific iodinatcd inhibitor of iodide transport, a
hypothetical compound X-I [12]. the concentra-
tion and action of which arc supposed to vary

"~" with the total organic iodine content o| the thy-
roid. A high thyroidal iodide concentration will
lead to formation of this hypothetical compound
X-I. which inhibits iodide transport (Fig. 2). re-
sulting in a fall in thyroid iodide content and
mitigation of tin- inhibition ol i<Hl<i||))rnniiit. s\n-

: thesis. This latter phenomenon might be involved
: in the escape from the Wolff-Chaikoff effect [II].
; Thirdly, the presence of large quantities of iodide

retards the rate of hormone secretion through an
' inhibition of protcolytic release of iodolhyronincs

from lliyrogliibulin. As in the case of the Wolff-
Chaikoff effect, escape from this effect also oc-
curs when the intralhyroiilal iodide con/eat falls
as a result of aiitorcpulatory inhibition ot iodide

'• transport [13).
i with ' AM-induccd livixuhyioidisoi is assumed in rc-
" I. suit from a failure of the thyroid l<> c scape from

Enraceiluiar llu-d Thyroid cell

c,o; O

1 1 1 ) Ivgh

Fig. - Schematic drawing, representing the active transport of
iodide into ihc thyroid folltcular cell which is accomplished by
the ' Ih\mid-pump". This pump rs stimulated by TSH jnd
propped l« he inhibiled by an unknwn iodinated compound
X-I. ihc concentration of which varies with the total organic
iodine content of (he thyroid. KCtOj bkvks (his pump. ncr-

niming efflux of iodide from the thyroid cells.

the inhibitory effect of iodide on organisation as
a consequence of uninhibited iodide trapping.
This hypothesis is supported by Ihc preserved
radioiodidc uptake, as demonstrated in our pa-
tient, despite dilution of the radioisotope by the
increased iodide pool [14,15]. It is proposed that
this ongoing iodide transport is caused by a de-
fect in organisation in patients with AM-in-
duccd hypothyroidism. resulting in insufficient
formation of X-I. Pcrchloratc competitively in-
hiFTls iodide transport and thus rapidly depletes
the lliyroiil gland of inorganic iodide. The posi-
tive ncrchloratc discharge test in our patient thus
indicates that the accumulated I2JI was not or-
ganified. These findings are in agreement with
the low organic iodine content in patients with
AM-induccd hypothyroidism, as compared to the
markedly elevated levels of organified iodine in
patients with AM-induced thyrotoxicosis [16,17].
Another possible mechanism, not mentioned pre-
viously, involves the TSH-receptor. TSH stimu-
lates thyroidal iodide transport and might thus
increase the thyroid iodide content. In vitro stud-
ies have shown that AM increases the number of
high affinity TSH-binding sites and this is not
seen during incubation with iopanoic acid [18].
I his effect was already present, at concentrations
of AM which were unable to inhibit iodide up-
take but nevertheless could significantly reduce
iodide organisation. By increasing the number
ot ISH-reccptors. AM might, therefore, specifi-



cally s t imulate iodide transport, thus perpetuat-
ing the Wolff-Chaikoff effect .

Whatever the exact mechanism, depleting m-
tralhyroidal iodide stores seems rational in the
treatment of AM-induccd thyroid dysfunction.
Pcrchloratc was formerly used to treat hypcrthy-
roidism, but abandoned because of the occasional
observation of fatal aplastic anaemia and devel-
opment of a nephrotic syndrome. These severe
complications were almost always associated with
large doses of KCIO4 (more than 1 g daily) [19]. It
was recently reintroduced by Martino et a)., who
successfully used the drug concomitantly with mc-
thimazole for the treatment of AM-induced thy-
rotoxicosis [9]. Paradoxically, it also appeared to
be effective in 6 cases of AM-induced hypothy-
roidism reported by the same author [10]. In
another report, however, only a transient effect
was seen [20]. In our patient we diagnosed AM-
induccd hypothyroidism with a high uptake of
'"I and a positive KC1O4 discharge test. We
demonstrated that two short courses of low dose
KC1O4 treatment were effective and safe in
rapidly restoring euthyroidism, although the po-
tential toxic side effects require a limited applica-
tion in time.
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Treatment of amiodarone induced hyperthyroidism with potassium
perchlorate and methimazoie during amiodarone treatment

Louis J M Reichert, Hans A M de Rooy

Abstract
To exploit the antiarrhythmic effect of amiodarone
whea patients develop the side effect of thyro-
toxicosis three patients with hypcrlhyroidisni
induced by amiodarone were given simultaneously
1 g potassium perchlorate a day for 40 days and a
starting dose of 40 mg methimazoie a day while they
continued to take amiodarone. As hyperthyroidism
might have recurred after potassium perchlorate
treatment was stopped the dose of methimazoie was
not reduced until biochemical hypolhyroidism
(raised thyroid stimulating hormone concentrations)
was achieved. The patients became euthyroid (free
triiodothyronine concentration returned to normal
values) in two to five weeks and hypothyruid in 10 lo
14 weeks. One patient became euthyroid while taking
5 mg methimazoie a day and 600 mg amiodarone
weekly; the two others required substitution
treatment with thyroxine sodium while taking S mg
methimazoie or SO mg propyllhioaracil (because of
an allergk reaction to methimazoie) and 2100 or
1400 mg amiodarone weekly.

Hyperthyroidism induced by amiodarone
may be treated with potassium perchlorate and
methimazoie given simultaneously while treatment
with amiodarone is continued.

Introduction
Amiodarone is widely used as an amiarrhyihmic

drug to control dangerous cardiac irregularities. It has.
however, a well recognised propensity lo induce
thyroid disturbances.' If hypcrihyroidism is induced
the patient's condition often becomes precarious, with
deterioration in the effectiveness of amiodarone, and
becomes worse when treatment with amiodarone
is stopped. Nevertheless, stopping amiodarone
treatment is almost universally accepted before trying
to control the hypcrthyroidisni with amithyrnid drugs.
As amiodarone contains 37-5% iodine (75 mg iodine
per 200 mg tablet) and has an elimination half life of
two to three months, however, the thyroid will be
overloaded with iodine when the hypenhyroidism
occurs and aniithyroid drugs might therefore be
expected not to have any effect. The commonly
observed low uptake of radioactive iodine by the
thyroid in amiodarone induced hypcrtliyroidism
prevents the use of iodinc-131, and thyroidcctomy is
often too dangerous to be considered in patients with
heart disease and uncontrolled hypenhyroidism. So it
seems logical to remove the excess iodine from the
thyroid and then start treatment with the aniithyroid
drug.

Martino it al gave their patients potassium per-
chlorate and mcihimazolc simultaneously and tricy"~
became euthyroid in two to five weeks, presumably by
the above mechanism.' Martino n al, however,
stopped treatment with airuodarone and therefore
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lost its beneficial amiarrhythmic effect. To be able
to continue amiodarone treatment, however, would
probably be potentially life saving in a small number
of patients. We report on three patients with hyper-
thyroidism induced by amiodarooe who were treated
with potassium perchlorate and methimazoie while
they continued to take amiodarone.

Patients and methods
The patients were aged 59 (case I), 71 (case 2), and

67 (case 3) and developed hypenhyroidism during
treatment with amiodarone. They all had serious
i^h.icmic heart disease; two patients (cases I and 2)
lud recurrences of dangerous cardiac irregularities,
which had previously been responsive only to amioda-
ronc, and developed heart failure. Amiodarone
induced hyperthyroidism was thought to be the cause
«f the deterioration in all three patients, and because
«f i heir earlier responsiveness to amiodarone we
decided not to slop treatment with amiodarone.
I lypcnhyroidism was diagnosed 38,37, and 26 months
after amiodarone treatment was started at respective
rli«e«of 2100, 1400, and 600 mg weekly. Amiodarooe
induced hyperthyroidism was diagnosed from the
clinical pattern. » decreased thyroid stimulating
hormone concentration, a raised free triiodothyronine
concentration, and the absence of an image of the
ihvniid on scanning with techneuum-99m. Thyroid
antibodies were not detected in any of the patients.

Concentrations of free thyroxine and iriiodo-
thymnine were measured by radioimmunoasny
(Anicrsham International, Buckinghamshire) and
thyroid stimulating hormone concentrations by
itnmunoradjomeuic assay (Boots, Cefltech Diag-
nostics, Slough, Berkshire). Thyroid antibodies were
determined by indirect tmmunofluoreacence at the
Central Laboratory of the Blood Transfusion Service
in Amsterdam. Laboratory fodow up included
determination of thyroid stimulating hormone, free
triiodothyronine, and free thyroxine concentrations,
total blood counts, kidney function, and liver enzyme
activities.

In addition to the treatment with anuodarone all
three patients received 250 mg potassium perchlorate
and 10 mg methimazoie, both four limes dairy. In
one patient (case 2) methimazoie was stopped after
one week and replaced a week later by 100 mg
propylthiouracil four times daily because of an allergic
reaction. The protocol was approved by the medical
ethics committee of this hospital; the three patients
gave their informed consent.

Results
On entry into the study all three patients had a

noticeably decreased thyroid stimulating hormone
concentnUoo and a highly raised free triiodothyronine

1547



concentration. Although amkxiaronc treatment was
continued, treatment with potassium pcrchloraie and
mcihimazole resulted in (he free iriiodothyroninc
concentration returning 10 normal values after two
weeks in one patient and after five weeks in the two
others (figure). Free thyroxine, whose conversion to
free triiodothyroninc is inhibited by amiodaronc.'
returned 10 normal values after five to 10 weeks and
thyroid stimulating hormone after eight to 12 weeks.

Amiod«ron«________^_______

Pouttium ptfchlofttt

MtthimuoM

Stritl fn* uiiataAyrvnmt, fnt llynxnf, mtt ilrmH
karma* ctuftmafrioiu m itnr feiina (mn I- »l iri/A
m4wn4 kyftnbynUum 4m*f mnvw tn«* imMmrnt mJ I t
patutum ftnUtrmlt tmp/tr40 ityi mU mttkimttolt M ami*t
to* of40 mt • tut. Don •fmtikimtmh at) inJutOy rrrf*W hia

J.SkMt*camfliyfy aofftJ., tfr

Potassium perchlorate was discontinued after 40 days.
After seven to 12 weeks the dose of methimazole was
gradually reduced but never completely stopped.
During the study no abnormalities were found in
the complete blood counts, in the activities of liver
enzymes, or in the results of kidney function tests.

One patient (case 3) became euthyroid when given
5 mg methimazole a day and 600 mg amiodarone
weekly. The two other patients required substitution
treatment with 100 ug thyroxine sodium a day
while taking S mg methimazole (case 1) or SO mg

propylthiouracil (case 2) a day and 2100 or 14001
amiodarone weekly. The cardiac irreguUritia]
disappeared and the heart failure subsided. All ihmj
patient! became well and resumed I heir activities.

Discussion
Various regimens of treatment have been described

for hypenhyroidism induced by anuodirax.
Discontinuation of amiodarone treatment lead
spontaneous euthyroidism only after two to efkt.
months.1 Martino tl al reported good results •wA
a combination of potassium perchlorate and methaat-
zole after amiodarone treatment was discoountstd.'
Potassium perchlorate may cause the excretion af {
excess iodine and prevent the uptake of further iodiat
while methimazole inhibits its incorporation •
triiodothyronine and thyroxine.

In 1952 \7yngaarden « al reported that poltsam
perchlorate interfered with the uptake of inorgaak
iodine by the thyroid gland in rats.4 Because of side
effects such as aplastk anaemia and the ntphrob:
syndrome, which occur predominantly it aajk
doses or with prolonged administration, potasMi
perchlorate was no longer used for the treatment af'
hypenhyroidism.' During our study and that af j
Martino tl al the patients received no more thai
I g potassium pcrchlonie a day for a maximum af j
40 days and laboratory results showed that neakf
haematologkal nor renal complications occurred.

Our three patients became euthyroid (free In-
iodoihyronine concentrations returned to nonaal
values) within two to five weeks despite the innnaaj
tion of amiodarone treatment. The same result* i
found when amiodarone treatment was discontinei |
before the hyperthyroidism was treated.'

Because of the fear that hyperthyroidism
recur during anuodarooe treatment after potassfe]
perchlorate treatment had been discontinued the ami
of methimazole was not reduced until biocheaakalj
hypothyroidism (raised thyroid stimulating horaml
concentrations) was achieved. This may be why awl
patients rapidly became hypothyroid. As i resnfcwj
treated two other patients with the same regimea bat j
reduced their dose of methimazole earlier; they t
euthyroid and not biochemically hypothyroid '
12 and 18 weeks. Moreover, because of the fear aai
hypenhyroidism might recur we never
stopped the aniithyroid treatment, not even whet 4tJ
patients' hypothyroidisra was sustained (cases I aad$ j
We preferred substitution treatment with thynaavjj
sodium because we were aware that the excess i
was prevented from causing a recurrence of fc]
hypenhyroidism only by the persistent (compkstarj
partial) block of peroxidase activity by anthkyMai.
treatment.

We conclude that hypenhyroidism induced
amiodarone may be treated with potassium f
and methimazok during anuodarooe treatment.

I I n Mm 'HI tlintif Tri mil "jfTihn
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Abrogation of c-MYC protein degradation in human lymphocyte
lysates by prior precipitation wi th perchloric acid
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Conventional lysis buffers, though containing cockluiN ol proteusc inhibitors, did not prevent the
degradation of c-MYC rccombinant protein added immediately prior lo lysis to cell pellets from human
mixed lymphocyte cultures. Treatment of the cells \ v i i h 4.2' ' perchloric acid, however, prevented protein
degradation and facilitated the detection of c-MYC' protein h\ Western blotting even in unslimulutcd
lymphocytes, where previously it had been reported to be undeieclable or barely detectable using this
technique. PHA stimulation of lymphocytes induced an approximately six fold increase in measured
c-MYC protein within 5 h if cell extracts were prepared using perchloric acid precipitation. However,
using conventional lysis buffer the proto-oncogene protein \\as undctectahle unt i l 48-72 h after mitogen
addition. Pretrcatmenl with perchloric acid may he useful lor Western blotting analysis of protein in
other systems where it may be desirable to dispense with the use of toxic protease inhibitors or where
these may be incompletely effective.

Kff words: c-MYC protein: Lymphocyte: Western blotting

Introduction

Many authors have reported early transient
increases in c-MYC mRNA, 3-5 h after stimula-
tion of peripheral blood lymphocytes with mito-
gens in vitro (for example: Kelly ct al.. IW3:
Reed et al., 1985; Lindstcn ct al.. I9KX.) How-
ever, there have been surprisingly few measure-

Corraponience lo: D.C. Spiller. Department of Biochem-
Rtry. University of Liverpool, P.O. Box 147. Lrverrxxtl L6<J
»BX. UK (Tel.: OJI-7<M-4319).

Abbrtiialions: PHA. phytohaemagglultnin: PBS. phos-
phate-buffered saline: PMSF. phenylmcthylMilphonyl fluo-
ritle: PAGE, nolyjcryliimidc gel elcclrnphore.sis: SOS. sodium
JrxJeeyl sulphate.

mcnis of the actual c-MYC protein concentra-
tions m such cells and no detailed time course
studies have been performed. The reports of
which we are aware are described below. Persson
ct al. (I4S4) observed a 20-fold excess of c-MYC
protein compared with untreated controls 20 h
af ter PHA stimulation of peripheral blood lym-
phocytes, in vitro, in which protein synthesis was
measured by labelling for 18 h with ["SJmethio-
nine prior to immunoprecipitalion. Similarly.
Moclling et al. (1984) found two proteins, im-
munoprecipitated by an anti c-MYC antibody,
which were present in ConA stimulated lympho-
cytes at the single time point of 4 h after the
addition of mitogen. but which were not detected
in the untreated controls. Harcl-Bellan et al.
( I * W M < ) demonstrated tha t a c-MYC antisense
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oligonuclcotidc could block the dc no\o s\mhesis
of c-MYC protein in activated T cells, .is mea-
sured by ["SJmcthioninc labelling lor 3 h fol-
lowed by two-dimensional clcctrophorcsis and
autoradiography. Heikkila ct al. (W) also
showed that PHA stimulation uf peripheral blood
lymphocytes for 6 h caused an increase m c-MYC
protein from undelcclalile to delectable levels as
measured by Western blotting, imimmohisto-
chemistry and immunoprccipitation: accumula-
tion of the protein was blocked by an antiscnsc
oligonuclcotidc. On the basis of the latter results
we have investigated this experimental model in
more detail, as a potential test system for the
c-MYC antisense oligonucleotide analogues syn-
thesised within our department. We have concen-
trated solely on measuring c-MYC protein since
this is the actual functioning product of the gene,
and according to Ferrari cl al. (1WO) the abun-
dance of the mRNA and protein are not always
linked in the case of c-MYC. As far as \\e are
aware this is the first study to examine c-MYC
protein levels in PHA-stimulated lymphocytes at
time points beyond 30 h. The later times were of
interest since our previous experiments had shown
that the maximum prolifcrative response was at
72 h.

Initially c-MYC protein was only detected in
cell lysates derived from lymphocytes which had
been incubated with PHA for 48 h or more. At
earlier times the cell lysis buffers used, though
containing n cocktail of protcasc inhibitors, failed
to prevent non-specific protein degradation. Moil-
ing the extracts immediately after lysis improved
c-MYC protein detection, but there was still a
considerable loss of rccombinant c-MYC protein
internal standard added immediately prior to cell
lysis. Pretreatment of cells with dilute perchloric-
acid, a technique used routinely for precipitating
macromolecules and extracting nuclcotidcs from
cells (e.g., Tidd and Paterson, 1974) completely
abrogated protein breakdown as measured by in-
ternal standard recovery and for the first time
significant levels of c-MYC protein were ob-
served in unstimulated lymphocytes, which had
previously been reported to contain amounts un-
detectable by Western blotting analysis (Heikkila
et al., 1987). Using perchloric acid prctreatment
the pattern of c-MYC protein expression in PHA

stimulated lymphocytes matched the early rise
reported for c-MYC mRNA (Kelly ct al.. 1983).

Materials and methods

Human peripheral lymphocytes were sepa-
rated from leukocyte enriched bkxxl (in Ficofl-
llvpaijtic gradients and were incubated in RPMI
medium plus 15*/?- FCS for the duration of the
experiments. Half of the lymphocytes were treated
\vilh PHA at optimal concentrations (2"~r PHA M
(iibco) and half were untreated. Samples were
taken for SDS-PAGE followed by general protein
staining with Coomassie blue and Western blot-
ling analysis 0, 5. 24, 48. and 72 h after PHA
addition. Flow cylometric analysis of cell DNA
content, as measured by propidium iodide fluo-
rescence (Taylor. 198U). was used lo check the
degree of PHA stimulation, which was expressed
as ihc percentage of cells present in the S. G2
and M phases of the cell cycle. Cells for etc-
trophoresis and Western blotting anaKsis were
spun down at 800g in a refrigerated centrifuft,
washed in ice cold PBS and treated according to
the following protocols.

(1) Lysis with cold lysis buffer (10<V SDS. 10%
glycerol. with the proteasc inhibitors. 0.1 mM
leupeptin. O.I mM PMSF in 0.04 M Tris pH «,
4*O followed by shearing of released DNA bjf
repeated syringing through a fine gauge neeoV.
I he samples were stored frozen at - 70°C wri
analysed.

(2) As above but the cell pellets were prc-
trcated with ice cold 4.2^?- w/w perchloric acid
(prepared by dilution of perchloric acid, TVt «
w/w Analar) for I min followed by ccnlrifuptn
of precipitated protein and nucleic acids. Tk
precipitate was washed once with distilled water
and then dissolved in lysis buffer.

Samples of c-MYC recombinant protein geiei- I
ously supplied by S. Pennington (Watt et aL '
I9H5) were used as positive controls and in soae I
cases were added to cell pellets of the coand i
lymphocytes immediately prior to lysis as an •> j
ternal standard to check for breakdown of Ik I
protein. I

Total protein was assayed using the Micro /
BCA technique (Pierce Chemical Co.). and U- J
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niad/u fixing srnil dcnsitomcter (Shimadzu Cor-
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protein .iI'Mirliance peaks were recorded.

Kcsiilis and discussion

The effects of PHA stimulation on c-MYC
protein content of human peripheral lymphocytes
was investigated in more detail than hitherto re-
ported, in order to establish a well characterized
lesi system for evaluating MYC anti-sense
oligonuclcotide analogues. Throughout the study,
the kinetics of in vitro PHA-induced mitogencsis
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DISTANCE FROM ORKSIN (mm,
Fig. I. Densilometry wans of Coom.isMc blue <i;iincil SMS I' \< if jcK (li1' • jcnlamide). a. PHA treated lymphocytes U h after the
xklilioo of mitogen. The cell extract was prepared UMII£ Ihc convenlHxi.il K«i< technique (protocol I in the text). The dashed line
represents the prestained molecular weight mnrkrr* ami i< l.iMU-il in U">,i h PHA treated lymphocytes 72 h after the addition of
nilogen. The cell extract was prepared using the u'mcnlu'ii.il r\M> Utlimyuc (protocol I in the text). The arrow at 62 kDa
•doles the position of the c-MYC protein extrapolated irnm the \\f^tcrn hlott r: PHA-trealed K-mphooles 0 h after the
hklilion of mitogen. The cell extract K^ prcp.in.il IIMII): pmhlnric .KI<| rKiu.iinicni (protoci'J 2 in the text), it: PHA treated
Kmphocytes 72 h after the addition of mitogen. I he cell evtr.icl »;>•• prcp.irol n-ine perchloric acid prelreatmenl Iprolocol 2 in the

text).
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in human mixed lymphocyte cultures \vc it-
checked by flow cytomctr\' of propidium iixJulc
stained cell samples. These measurements
demonstrated that the proportion of lymphocytes
in S, G2 and M phases of the cell cycle increased
by 18-24 h after milogen addition (data not
shown), indicating lh.it MK- lym|ihoolcs ueie suc-
cessfully stimulated and that the tune course o|
induction of DNA synthesis in our hands was
similar to that previously reported (Kelly el al..
1983). The specificity of the Western blotting
technique for detecting 62 kDa c-MYC protein
was evaluated using essentially pure rccombinant
product as a standard. Detection of the c-MYC
protein was blocked by absorption of the primai>
antibody with a pcptide epitopc. while the goat
anti-mouse, secondary antibody on its own gave
no delectable signal (data not shoun).

At the outset, measurements of cellular c-MYC
protein content were made by the Western blot-
ting technique, using cell lysates prepared at in-
tervals after mitogen addition with standard lysis
buffers containing protease inhibitors. Under
these experimental conditions, and despite the
presence of the protease inhibitors, protein was
found to be generally degraded in the 0 h lysates
(Fig. lo) and early time point samples, but less so
in the 72 h cell lysates (Fig. 16). At the same-
time, c-MYC protein was undctectablc in all but
the 48 h and 72 h samples, even when it was
added in rccombinant form as an internal stait
dard (Fig. 2a).

Other lysis buffers containing cocktails of pro-
tease inhibitors as described by Heikkila ct al.
(1987), (0.01 M Tris-HCI pH 7.5 containing (1.144
M NaCI, 0.5% NP-40, 0.5% SDS. 0.1'; Trasylol.
1 mM PMSF, 10 mM iodoacctumide) and I'ers-
son et al. (1984) (0.05 M Tris-HCI pH 7.5 contain-
ing 0.15 M NaCI 0.1% SDS, VA Trilon X-IOO.
0.5% sodium deoxycholate, 1 mM PMSF) also did
not prevent general protein degradation in lym-
phocyte lysates. These results were highly un-
usual since no proteolysis at all was observed, and
c-MYC protein was easily detectable, when the
same lysis buffers were used to prepare extracts
of a range of established human cell culture lines
including HL60, Raji, MOLT-4. and other lym-
phocytic lines. Addition of recombinant c-MYC
protein to cell pellets, prior to lysis, demonstrated
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It was apparent that an alternative to tk
standard protease inhibitor cocktails was re-
quired to rapidly inactivate the protease(s) of
human peripheral lymphocytes if their c-MYC
protein content were to be measured. Heat treat-
ment was tested as an initial approach to resolv-
ing (his problem. However, although boiling a-

Fig. 2, Variation of c-MYC protein content of hmphocjlt
lysales with time after PHA stimulation. Western blots «ere
scanned with a densitometer and the area of the c-MYC
protein hand was plotted against the time after PHA addnoL
Circles represent control samples with no milogen addci.
Iriangles represent PHA treated samples, and squares rcpre-
\ent control samples to which recombinanl c-MYC pro»e»
w.is jddeil a: Concentration of c-MYC protein in lymphot|te
tysale* prepared using the conventional rysrs technique (proto-
col I in the text), b: Concentration of c-MYC prole» •
lymphocyte lysales prepared using perchloric acid preopia-

lion (protocol 2 in the text).

that the protease inhibitor-resistant proleohur.
activity in human peripheral lymphocytes de-
cayed, even in the absence of mitogen. durioi
incubation in tissue culture medium at 37°C (Fi|. j

«s--.'



mediately alter lysis presented most ol the pm-
tcm deyradalion al early lime points, aililctl c-
MYC protein was still degraded (results not
shown), suggesting (hut prolcoKsis was \er\ rapid.
Another approach, which did prove to he success-
ful, was that of dilute perchloric acid fixation

I
Diluie pcichloric acid (4.2rr w/w) is routine!)
usol Ini precipitating cellular macromolectiles
.nul cxiraclint! ucid-soluhic monomers in quanii-
taiiun nt cellular nuclcolide pools (e.g.. Tidd and
I'atcrson. I*J74). and at this concentration docs
nul cause significant chemical modification, other
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than dcnaluralinn of cellular constituents. Al-
though at higher concentrations perchloric acid is
a strong oxidising agcni. at the low cunccniration
specified perchloric acid failed to oxidise the
highly susceptible 6-thiopurines (Doerr ct al..
1961; Tidd and Dedhar, 1978) and therefore, it is
unlikely that significantly more cpitopc destruc-
tion would occur using perchloric acid than al-
ready prevails under the denaturing and reducing
conditions of the SDS-PAGE Western blotting
procedure. At the same time, similar results to
those described below might be achieved by using
non-oxidising protein precipitants such as
trichloroacctic acid, although this was not tested.
Following perchloric acid fixation, the denatured
macromolecular pellet may be dissolved in stan-
dard cell lysis buffer and may still be used in
Western blotting analysis, since the technique
requires that the proteins be denatured. When
dilute perchloric acid fixation was applied to in
vitro incubated human lymphocyte cell pellets,
prior to their dissolution in lysis buffer. c-MYC
protein was detectable by Western Molting analy-
sis in all samples, including (I h and untreated
control cell lysalcs (Figs. 2 and 3), and many
more high molecular weight proteins were ob-
served (Figs. \c and \d). Experiments conducted
i sing this lysis procedure demonstrated that large
increases in cell content of c-MYC protein oc-
curred within 5 h of PHA stimulation (Fig. 2b).
Though some variation in lymphocyte response to
PHA at later times was observed between differ-
ent blood donations (for example see the differ-
ence at 48 h between Fig. 2b and Fig. 36).

The signal from c-MYC protein internal stan-
dard added to pellets of resting lymphocytes im-
mediately prior to perchloric acid precipitation
was similar to the same amount analysed directly
(for example the average percentage recovery for
the experiment illustrated in Fig. 2b was 72% ±
11.5%) indicating that perchloric acid pretreat-
ment did not interfere with c-MYC protein detec-
tion. These results established unequivocally that
proteolysis and not the limit of sensitivity of the
Western blotting system was responsible for the
inability to detect c-MYC protein when the per-
chloric acid precipitation step was omitted (Fig.
2). Moreover, significant concentrations of c-MYC
protein were detected in unstimulatcd lympho-

ou-s \\licn perchloric acid prclrcatmcnt was em-
ploxcd (Tips. 2 and 3). whereas previously the
proicin had been undelectablc (Hcikkila et al.,
I ( 'S7) Presumably, the concentration of c-MYC
protein in resting lymphocytes is below a thresh-
old value, and only above this is it able to func-
tion in its putative role as a signal transduction
molecule for triggering cell proliferation.

Hie Western blotting system was calibrated by
running various amounts of recombinant c-MYC
protein on the gels. The detection limit of the
system \\as found to be approximately 100 pg of
the standard (Fig. 3n). The amount of c-MYC
protein per 10" cells was calculated from the
calibration curve. An example of the quantitative
results obtained from experiments where lympho-
c\tc cell pellets were pretreated with perchloric
acid is presented in Fig. 3. which shows that an
approximately six-fold increase in mean intracel-
lular c-MYC protein concentration occurred
within 5 h of PHA stimulation.

Mention should be made of the fact that the
1>F.IU antibody used in Western blot development
noi only bound the h2 kl)a c-MYC nuclear pro-
tein, but also detected other proteins (Fig. 3o), as
did all the other antibodies tested. The spurious
signals were different for each antibody but could
be reduced in intensity relative to the c-MYC
hand (at least in Colo 320 and HT29 cell rysates)
if nuclear fractions were used as opposed to
whole cell lysates (data not shown). The demon-
stration of additional interactions has serious im-
plications if these antibodies are to be used for
immunohistochemical or flow cytometric analysis
in which no check of the molecular weights of the
antigens is possible, and results from such tech-
niques must be interpreted with caution.

Further studies comparing perchloric acid pre-
treatment to conventional cell lysis are required
in order to determine whether the agents respon-
sible for the observed protein degradation are
limited to lymphocytes or are present in other
tissues. One area where problems may occur is •
measuring c-MYC protein in tumour biopsies,
since lymphocytes can be a significant contami-
nant. In addition, the measurement of other pro-
teins in human peripheral lymphocytes might
benefit from perchloric acid pretreatment since
general protein degradation was observed whet

i
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î .-tion :

dby

of the
O «5g Of
c 4YC
out the
ntitative
• jpho-
i iloric
that an
r'racel-

>. urred

that the
! >mcnt
>. r pro-
^. 3a), as
s jrious

?t could
c-MYC

1 -\tes)

i

rious itn-
ctl for

: natysis
hts of the
u'-h tech-

avid prc-
required

t -espon-
< on are
in other

y — ur is in
iopstes,

tontami-
other pro-
t might
i it since
-ved when

this sU|< \v. is iiiiiilkil Mi) ' I ). .mil il*> IIM" uhvi.iK s

the neeil Im c\|K'M>-ivc .uul io\n. piiiu-;isc MI
hihtlors.

In COIKlllslOII. UNC 1)1 UlC IIIOlllllCl.! Cell I\MS

procedure deveribed in tins note resulted in the
novel observ.ilion that rcstinj; hunum Ivnipho-
cytcs contain signilicanl eoneeniratinns ot c-MYC
protein. I'll A sitnuilalinn induced increases in
cell content ol the oncogene protein whicli paral-
leled the reported increase in c-MYC niRNA
during lymphocyte mitogenesis (Kelly. IMS3).
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Short Term Administration of Potassium Perchlorate
Restores Euthyroidism in Amiodarone Iodine-Induced
Hypothyroidism*
E. MART1NO. S. MARIOTTI. F. AGHINI-LOMBARDI. M. LENZIARDI,
& MORABITO, L. BASCHIERI, A. PINCHERA. L B R A V R R M A N , AND M. SAFRAN
Endocrinologia e Medicina Costituzionale. University of 1'isa <r. M. S.Ma. FA.-L. M.L, S.Mo,, L.B., A.P).
Pita, Italy; and the Division of Endocrinology and Metabolism. Department nf Medicine. University of
Massachusetts Medical School (L.B, MS.). Worcester. Massachuscttx

ABSTKACT. We studied the effect of |H>t;issiiim |>eri hl<>r.ih
(KCIO,) in patients with hypothyroidism due In nnii<«l.in>nr
The short lerm adniiniKlr.ilion of KCIO, to MX such patient* led
to prompt restoration of eiilhyroidism. while I he three untrrnled
patients remained hvjxithyroid for 2-<i months. SHUT KCIO,
inhibits thyroid iodide transport, thereby Mocking further en

ir.-inif ni iodide into tri# thyroid «nd decreasing intrsthyroiH.il
iodide runient. amjodarone-associated hypothyroidism is proh-
al>l\ «tM "tuliirv to the inhibitory effect of excess intrathyrxidal
iodine nn t In mid hormone synthesis. (J Clin F.ndotrinai Afrfnr*

AMIODARONE, a drug containing .'17.2 mg iodine/
100 mg active substance, is widely used for (he

treatment of cardiac tachyarrhythmias. This agent reg-
ularly alters serum thyroid hormone concentrations and
may cause iodine-induced hyperthyroidism or hypothy-
roidism (1-17), since free iodine is released from the
metabolism of the drug in f too (18). Hypothyroidism may
develop in patients with or without underlying thyroid
disorders (7-11, 16, 17). The mechanism responsible for
thyroid insufficiency in amiodarone-induced hypothy-
roidUm is not certain, although it is probably related to
the inhibitory effect of excess intrathyroidal iodide on
thyroid hormone synthesis (7, 18, 19). We recently re-
ported that the short term oral administration of potas-
sium perchlorate (KC104) together with methimazole led
to a rapid control of amiodarone iodine-induced hyper-
thyroidiam, probably through intrathyroidal iodide de-
pletion by KCIO< (20). In the present study, we assessed
the effects of KCIO., administration in patients with
amiodarone-induced hypothyroidism.

Subjects and Methods
Patients

Nine patients treated with chronic amiodarone therapy for
various cardiac tachyarrhythmias (500-750 mg/week) for a

Received May 9, 1986.
Address all correspondence and requests for reprints to: Marjorie

Sofraji, M.D., Division of Endocrinology and Metabolism, Department
of Medicine. University of Massachusetts Medical Center. Vi Lake
Avenue North. Worcester. Massachusetts 01605.

• This work was supported by a CNR (rrant (Rom*. Italy) and Cram
AM 18919 from the NIDDK, NIH (Bclhesda, MD).

l ol 9 :16 months developed clinical and biochemical evi-
dence ofhyixilhyroidism. The relevant clinical and biochemical
features of the hypothyroid patients at the time of entry into
the study are summarized in Table 1. Amiodarone was discon-
tinued in all patients at this time. Patients 2 and 4 had no
evidence of underlying thyroid disease, as assessed by physical
examination and ultrasound; four patients had Hsshimoto's
thyrotditts; one had a small goiter; one had been treated pre-
viously with "'I for hyperthyroidism due to Graves' diaeaae;
and the final patient had received x-ray treatment to the neck
for laryngea! cancer 6 yr previously. After withdrawal of amio-
darone. patients 1, 2, and 3 were followed for 80, 300, and 155
days, respectively, without treatment, while patients 4-9 re-
ceived a single dose of 1.0 g KCIO, daily for 9-34 days and then
were followed for an additional 60-228 days, except for patient
9 who was followed for only 4 days after stopping KCIO*.
During KCIO, administration, the patients received a d-adre-
nergic antagonist drug or a calcium channel-blocking drug as
needed for their cardiac problems.

Laboratory tests

Serum total T, and total T3 concentrations were measured
by RIA using commercial kits (ARIA II, Becton Dickinson
Laboratory. Milan, Italy). T* resin uptake was measured using
Triluie Kits (Miles S.p.A., Ames Division, Milan. Italy). Free
T, (FT,I) and T, (FT,I) indices were calculated as the product
of the T, resin uptake and total serum T, and T3 concentrations.
respectively. Since the changes in the serum total thyroid
hormone concentrations were similar to those in the free thy-
roid hormone indices, only FT,1 and FTil values are reported.
Sejwi-TSH was measured by an ultrasensitive TSH immuno-
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FlG. 1. Serum FT,I value* and TSH concent rationa in h>pothyroid patienu. Amiodarone was diacontinued at the time of the baaeline fikj*.
Patient* were then treated with KCIO4 or were followed without treatment, and blood waa obtained 2 weeka later. Each aymbol tipitatau m
individual patient: », 1; O, 2; a>, 3; a), 4; O, 5; •, 6; O, 7: A. 8: A. 9.

radiometric assay (Boota-Ccllttxh, Nottingham, United King-
dom). Antithyroid microeomal autoantibodin were measured
by passive hemagflutination (Fujizoki, Tokyo, Japan). "'I Thy-
roid uptake was measured at 24 h.

Results
KC1O< administration increased serum FTJ values

and decreased serum TSH concentrations. In five of the
patients who received KC104, serum FT4I increased to
normal within 2 weeks after initiation of KC1O< admin-
istration (Fig. 1). Serum TSH concentrations decreased

markedly in all patients who received KCI04 and
normal in three of the six patients 2 weeks after startiof
KCIO< treatment Serum FT,I values and TSH cone*a-
trations changed very little in the three patients who dk]
not receive KCIO4.

After withdrawal of KC1O4, hypothyroidism recurred
in three of the six patients. Patients 5, 6, and 7 becsjac
hypothyroid within 5, 73, and 47 days, respectively, after
discontinuing KC1O4. The results in patient 7, who re-
ceived KCI04 twice, are shown in Fig. 2. On both oca-
sions, treatment with KC1O< was associated with a rapid
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increase in serum FT<I values and a rapid decrease in
Krum TSH concentrations, followed by relapse when
KCIO4 was discontinued. Patients 4 and 8 remained
clinically euthyroid and had serum FTJ values of 7.6
ud 6.4 and serum TSH levels of 1.3 and 1.8 fiU/ml when
last studied 8 and 2 months, respectively, after with-
drawal of KC1O4. Patient 9 was not followed long enough
to determine her ultimate thyroid status.

Two of the three patients (patients 2 and 3) who did
not receive KC1O4 became euthyroid after 180 and 95
days, respectively. The data for patient 3 are shown in
Fig. 3. Patient 1 remained profoundly hypothyroid for
over 80 days (serum FTJ, 3.0; TSH, >80 /iU/ml) and,
therefore, was treated with L-T4.

No side effects or toxic reactions occurred during
KC1O4 therapy, as assessed by hemalologicnl, hepatic,
ind renal function tests.

Discussion
Long term treatment with amiodarone may induce

hypothyroidism in patients with or without underlying
thyroid disorders (7-11,16,17), and amiodarone-induced
hypothyroidism is more common in areas with sufficient
iodine intake, especially in patients with Hashimoto's
thyroiditis (7, 8) who are more susceptible, to iodine-
induced hypothyroidism (21). The development of amio-
darone-induced hypothyroidism appears to be the con-
sequence of the inhibitory effect of excess intrathyroidal
iodide on the synthesis of the thyroid hormones (19).
While patients with underlying defects in the intrathy-
roid organification of iodine are more susceptible to the
inhibitor,' effects of excess iodine, high intrathyroidal
iodine concentrations may induce decreased hormone
synthesis in patients with apparently normal thyroid
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glands. Thus, Hawthorne et al. (17) demonstrated posi-
tive perchlorate discharge tests in seven of eight pnt ienls
with amiodarone-induced hypolhyroidism, six of whom
had no evidence of previous thyroid disease. One of t hem x

was restudied 9 months after stopping amiodarone and
was found to have a normal perchlorate discharge test. 9

In the present study, we evaluated the possibility of
restoring the culhyruid sUtle by adminis t ra t ing K<' ! ( ) , .
This anion reduces inlratbyroidal iodide content by com- i"
petitively inhibi t ing thyroid iodide transport, so thnl
sufficient iodide to inhibit thyroid hormone synthesis is
no longer present within the thyroid follicular cells. The
results obtained confirm the role of intrathyroidal iodine
in the genesis of hypothyroidism in amiodarone-treated
patients, since a prompt rise in circulating thyroid hor-
mone and a decrease in serum TSH concentrations oc-
curred during KC104 administration.
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Two cases of amiodarone-induced thyrotoxicosis
successfully treated with a short course of
antithyroid drugs while amiodarone was
continued
Mieke D Trip, Donald R Diiren, VC'ilmar M Wiersinga

Abstract
Two patients with amiodar<>n£;mduce<!
thyrotoxicosis were treated successfully
with potassium perchlorate and carbima-
zole while treatment with amiodarone
was continued. These antithyroid drugs
were stopped after the patients had
became clinically and biochemically
euthyroid. During follow up, when treat-
ment with amiodarone continued, thyro-
toxicosis did not recur.

Amiodarone-induced thyrntiixicosis
seems to be a transient condition that can
be treated successfully with a short
course of antithyroid drugs without stop-
ping amiodarone treatment.

(BrHtanJ 1994i7J:266-268)

Amiodarone is an effective anttarrhythmic
agent with a high iodine content thai affects
the production and secretion of thyroid hor-
mones and in some patients induces oven
thyrotoxicosis or hypoihyroidism. The mech-
anism responsible is incompletely understood.
An iodine excess is not the prime determi-
nant.1 Amiodarone could induce hypoihy-
roidism by unmasking a pre-existing
subclinical abnormality.

Amiodarone induced ihyrotoxicosis is
unpredictable with an unexplained sudden
onset in patients with previously normal thy-
roid function and without prc-cxisiinp ihyroid
antibodies. I "he chief hypothesis lor I lie
pathogencsis of amiodaronc induced thyro-
toxicosis is that amiodaronc or its metnholitcs
damage the thyroid cells and disrupt follicles.

rcsultinp in ihc release of thyroid hormones
into the circulation.- I "his hypothesis impBa
that treatment with amiodarone must be
stopped. This may result in the recurrence of
the life-threatening tachycardia. Marrino a 4
reported that stopping amiodarone treatment
and starting treatment with potassium per-
chlorate and methimazole led to a resohHm
of thyrotoxicosis within 16-36 days.' Reicben
et al reported the successful treatment of
amiodarone induced thyroioxicosis «idi
potassium perchlorate and methmiMpJe.
while treatment with amiodarone was coooo-
ued, in three patients.1 These patients became
euthyroid in 2-5 weeks. Then they wot
treated with a combination of amiodarax
and methimazole.

We report two patients in whom unto-
da rone induced thyrotoxicosis was succea-
fully treated with potassium perchlorate and
carbimazole while treatment with amiodaroae
was continued. -

Case reports
CASE I (TABLE I)
A man aged 18 presented in 1985 with *ea-
tricular flutter caused by arrhythmogenk h|h
ventricular dysplasia. The tachycardia did M
respond to several amiarrhythmic drop.
Treatment with amiodarone (400 mgMij)
was started in 1988. There were no further
recurrences of tachycardia. Before treatmetf
with amiodarone was started the patient w»
clinically culhyroid, with no goitre and con-
centrations of thyroid hormones within nor-
mal range and no ihyroid autoantibodies.
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AIT amiodarune induced Thvroî ntci'M*; ( . \.jrbimj/i'(. EL euih'r.'id tlmical . KT4, fr*« T-l, K. potj<MUin perchlorate.
McAb. micntsomal *ftii(»«»dics. rT3. reverse TJ; 1 ), tnuHli»th^ r.-nin^ T4. thvroxine. TfcAb. (h
TSH, ihyruid siimuljnn( h^rmum

department complaining of dyspliagin The
physical examination shtiwctl u«> i-x-uli-in.i- •'!
hypothyruidism but a tender dillu^c putrc
was palpable Thyroid hormone concentra-
tions were within the normal range, hui UK
concentration of ihyruglohuhn was hipli
because of the goitre Two nuuiths latei TSH
was abnormully low and (hvruxiiK \viis .ihiiur-
mally high, although the patient still showed
no clinical signs of hypcnhvroidisni.

Two months latct. when the tumulaiivi.
dose of amiodarone was 40 g. clinical overt
thyrotoxicosis suddenly developed: the (endci
HIM I re w:is still present 'Ilivroxl -.11111111.111111;
hormone (TSH) was undelectabk-: llivioxinc
fl'4), free thyroxme (I-T4), and liiindoiliyro-
mne CF3) were raised; the thvroglohulin
concentration had increased lurthcr
Concentrations of amiodarone and desethyl-
amiodarone were in the therapeutic range
(table 1). Because the erythrocyte sedimenta-
tion rate was normal and because the goitre
had been present for more than two months
we excluded the diagnosis of subacuie thy-
roid it is of the Guervain type and diagnosed
amiodarone induced thyrotoxicosis.

Treatment with carhima/ole (40 nip/day .>
and potassium perchlorate (1 ft'day: was
started and treatment with amiodarone was
continued. Clinical euthyroidism was
achieved after 2 months, TSH wa>. still undc-
tcctablc. but T4 and T' concentrations were
almost normal. The TSH concent ration
became normal alter 4 momh< Tin-
gland was still sligluK cnlui^cJ hui iu> I
painful. The amiihyroid tiK-dK:iiioti
stopped. Alihuugl' titjinn.iu .Mil, .i
daronc continued clinical nnd hi
Ihvroid dysfunction ilul not icxui in llu
IS months. The goitre was no longer pi
blc. Ventricular lnclivi;ntli;i itiuiro!
amiodarone anrl tlc^c'li' l:i[iii"<):in'ii. I I -M I •<•>
(radons were below the iliciaptiiiu lanuc- ol
0-2 and d-4 nimol'l re'pf«.-iivel> lln 11-11
firmed our suspicion thai the patient had
stopped taking amiodaronr between week
40-45 of the follow up

CASE 2 rTABLE 3}
A man born in 1916 had an inferolaterul and
right ventricular myocardia! mlantion <.«in-

plicated by cardiac aneurysm. severe mitral
\;ilve ti-t;ur):it;iiion. and poor left ventricular
lunuion Laic ventricular tachycardia was
trailed with several amiarrhvthmic drugs (fte-
idinidc. chimdin, disopyramidc' without
success until amiodarone was started (800
niudiivi. Before tr.eatmcni with amiodarone
tlu p.uicni wjs clinically and hiochcmicallv
euthyroid. ^X'hen the dose of amiodarone was
reduced to 200 mg ventricular tachycardia
recurred; a daily dose of 400 mg prevented
tachycardia.

Alicr 37 months, when the cumulative
.MMh«l;m>nc dose was 44 K, oven iiiniodnronc
induced ihvroioxicosis developed Scrum T4
and I-T4 concentrations were extremely high.
t>iu- week later thyroxme and triiodothyro-
nmc concentrations had already fallen
slightly. Treatment with carbimazole (40
mg day) and potassium perchlorate (1 g/day)
was started, while amiodarone medication
was continued. The patient became clinically
euthyroid after two months. When the thyroid
stimulating hormone concentration became
normal six months later, the anti-thyroid
medication was stopped. Though he con-
tinued to take amiodarone, confirmed by
measuring the serum concentrations of amio-
d urone and desethylamiodarone, thyroid dys-
function did nol recur during the follow up of
seven months. The patient died suddenly at

I K S '

:iiul

PiscusMon
.\inu-djioiic induced thyrotoxicosis in these
tun patients was transient. It was successfully
iiL-iitcd with a short course of antithyroid
liitiuv \\-hiU- amiodarone was continued.
\Vhcii umiodaronc is stopped because of
:miiiKl:in<nc induced thyroioxicosis life threat-
• niiij: oJivLardia can recur. Under these cir-
iiimstiinces total thyroidectomy has been
;i'h noiicd to allow treatment with amio-
diiiciu to continue.' It is remarkable that a
short course ol antithyroid drugs restored
cuthvroidisin. and that the patients remained
cnttiyroid despite continuing treatment with
amiodarone

The mechanism of effects of amiodarone
mi tin. thyroid is multifactorial and largely



unknown Although auto-imimiiK lelaied
ihyrotoxicosis has been leported attei .111110-
daronc treatment," neither of our patients had
a goiter or thyroid antibodies he I ore amm-
daronc treatment and antibodies did not
develop during follow up

"ITicsc data surest iliai .innotl.iii'iie
induced thyrotoxicosis has a peculiar patlio-
genests When intrathyroidal amiodarone con-
centrations exceed a threshold, cell damage
leads to thyrotoxicosis when the contents of
the thyroid leak into the bloodstream The
mira-thyroidal concentration of amiodaronc
too would decrease, allowing repair and the
restoration of cuthyroidism. If this hypothesis
is true, continuation of amiodaronc treatment
might eventually letd to a recurrence of thyro-
toxicosis when the intrathyroida! amoidarone
concentration again exceeds the threshold.

In our patients the follow up period »is
probably loo short lor .1 second period of
thvrotoxicosis to develop.

I 1 rip Ml) Wrongi WM. IMonip IhA Intklcncc fit-
itHtabilitv and path«»«cnc*i* of anuodaront- indiKfd $ri-
...|,.iit .~IN .iti,l 1i\|>..|lnr'.i.liMii .Im 7 M..I 1*01.41
VI,' II

: SnuTk 1C. InK-lliK-r JR. Urviman ,\U). Cimr* |A
l'4ihok>f\ of the thyroid in iiriKidaronc-auocitted AT*
n-lo«icini» Am TSitTfPjihvt l»«7,ll 107-204

3 Minino £. Aghini-Lximbjrdi F. Manoin S Treitmcaf of
imiodirone issocuied thyroioxicoiu bv (he i
i<m •dminmration of potusium p«fxhlorflic tn
narok J turfivnncrf Imtst l986.*:20l-7

4 Reichcrt LJM. d« Roov HAM Treatment of i
induced hvpenhvroidum with p«ti»ium perchtanu
and methimitole dunn« imHidirone treiunem SrAMJ
Iflgojn 1547-8

5 Brennan MD. van Heerdtn JA, Camey JA Amndaraot-
atsoctatcd thyn*<oiticiTBii (AAT): Experience with •KBJO'
manaterncnt Su^ny 19*7; 102:1042-7

6 Manino E, Macchia E. Afhhini-Lombardi F. a d. b
humoral thyroid auioimmuniry rel«-ani in Anwdanx-
induced th>Toto«ico»n (AIIT)? CUn f
627-33
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of art wuh moderate obstruction of tin left vtnmtuiar outflotr tract plotted against level of
obstruction from a solution to equatwns developed by means of hazard analysts
(appendix I).

Incidence and prognosis of obstruction of
the left ventricular outflow tract in
Liverpool (1960-91): a study of 313
patients

D Kitchener, MJacktaii, N Malaiya, K Waltk, I
I'can, R Arnold

We regret that owing to a printer's error figure
1 and figure 2 in this article in the June issue
(Br Mean} 1994;71:58&-95) appeared in the
wrong order and with the wrong legends. The
corrected versions are reprinted on the left
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not able to expectorate his sputum due to muscle weakness, a Cook
minitracheostomy was introduced in order to allo« endotracheal sue-
tioning On the 5th day after minitrach insertion the cannula dislodged
From its flanges and was inhaled. On a chest X-ray it was lomicd in the
left mainslem bronchus (Tig. I). The poiicni »as rcinlnbaicd .iiul ilic
cannula was removed by rigid bronchoscopy Following this cpKmle I lie
patient experienced another niyocardial infarction, accompanied I'y Icli
ventricular and respiratory failure In face of the poor prognosis fur-
ther treatment was discontinued and the patient died two days later.

The Seldinger technique is theoretically a useful method for intro-
ducing a rninitracheostomy. A Tausse' route is less likely 10 occur, and
bleeding is tamponaded directly by Ihe dilators. The material of the
Cook minilracheostomy is softer than the Portex and is less likely to
cause damage to the subgloltic region.

This case however, shows that the cannula could losen from its
flanges. The reason for this is unknown, since another minitracheosto-
my cannula could not be separated by pulling forcefully. It is possible
that saliva and sputum changed its consistency and loosened the fixa-
tion with which the cannula is clasped to in flanges.

We feel that the design of this cannula needs further investigation.
In the meanwhile Cook has withdrawn this type of rninitracheostomy
from the market.

Yours faithfully

J. C.M. Beenakkers and Ch. P. Sloutenbeek
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drom 0 40 10 065) and a positive end-expiratory pressure were without
any effect.

Ai Oav I. despite a normal haemoglobinaemia (I3.9g/dl) and a sat-
isliictory blood ga< analysis (pH 7.38. PaO, 14.1 kPa. MaCO, 5.6 kPa.
s.i<),W>'«). »'c noiiced a brown-red coloured blo<xl during arterial
|MiMciiiri:t ,ind cyancKH of I IK extremities l!iochcnm;il investigations
slmwcil: ciirhoxyhaeinoglobinaemia: Or« (normal value: 0*'t to .I***),
im-ili.iaMoglohinaemia: 287*» (normal value less then ().«••).

The mine clearance departemenl communicated to us the results of
Ihe bomb contents: a 54kg German shell, manufactured in 19)6. (hat
contained 14kg explosives: 60Vi potassium perchlorale (8kg), 40*t
dinitrobenzene (6kg) and a small amount of picric acid (O.I kg) and
melinite (O.I kg). We diagnosed a moderate methaemoglobinaemia
(28.7"«) due to dinitroberuene and/or potassium perchlorale.

The patient was treated with intravenous ascorbic acid (1000 mg)
• nd a 5h continuous infusion of methylene blue (I50mg in 250ml 5%
glucose solution).

Toxic methaemoglobinaemia is due to oxyhaemoglobin oxidation,
usually caused by chemicals or drugs. Our report of methaemo-
globinaemia following a shellblast is more uncommon, and two chemi-
cals may have been involved potassium perchlorate and dinitrobeiuene.
Potassium perchlorale gives methaemoglobinaemia when it is ingested
and this cannot be evoked in our case report. Here, the most probable
mechanism was absorption after cutaneous spraying, which has already
been described in the literature (3, 5|.

The diagnosis of mefhaemoglobinaemia should be suspected on
clinical signs. The major sign is cyanosis, predominant on extremities
and lips. The blood is "chocolate-brown" coloured, contrasting with
normal gas analysis. Others signs are vertigo, nausea, vomiting when
the methaemoglobinaemia is between 30*b and 50*V Tachypnoea and
cardiac signs exist when Ihe amount is about 70*i (2). The major prob-
lem it 10 evoke the diagnosis. It may be simple when clinical signs are
ornious or when Ihe history suggests an intoxication. Otherwise, il is
inure difficult: either clinical signs are poor, like in our case, or the situ-
.11 ion has only been recently described, like methaemoplofoinamia
following smoke inhalation (I, 4|. One must keep in mi-id (he paradox-
ical situation of a "chocolate-brown" coloured blood «ith cyanosis and
normal arterial blood gases.

Methaemoglobinaemia should be quantified in every case of a war
device explosion if there are clinical signs were may suggest this pathol-
ogy.

Yours faithfully,
P. Laure and F. Slier le

Methaemoglobinaemia:
an unusual case report

Dear Sir.

We should like to report an unusual case of methaemoglobinaemia.
A 41 year old man wa* involved in an accidental shell blast. We ad-

mitted a conscious patient, with blood pressure l50/80mmHg. heart
rate 90/min and spontaneous breathing (oxygen concentration 40Vi).
He showed u complete kit forearm section, burns of Ihe left orbital re-
gion (area 5%) and nf the low litnb (area 20"i) associated with a thigh
wound caused by a shell-splinter. Under general anesthesia. Ihe left
forearm was amputated. Meanwhile, despite normals blood gases
analysis (pH 7.39, PaO, 19.8 kPa, PaCOjS.I kPa. SaO, - calculated
- 99.3*0 Ihe blood colour remained dark. A gradual FIOj increase
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Thyroid Hormones and Iodine Requirements in Mao during Brain
Development

Introduction

The dependence of human brain maturation on thyroid hormone has long been recognized.
The "critical period" for the dependency U known to extend from birth to 3 yean of age
withaprcyeMrvtrydecreajing<fcp<od«oc«ovtrthrt
{•formation hu accumulated during the laat 20 year era of newborn thyroid acreening to

maturation oat
There is Baited data to characterize the timing of this intrauterine

dependency or quantify the thyroid requiremeau. The goal of this report b to review the
avaflabk information defining the thyroid hormone and iodine requirement during the
period of human brain maturation.

Tanrrsid Hora«M Metabolism and Reouircmeati daring Fttal

Thyroid faKtionb the humaa few become* ira^
geatattoa.*1* Embryogcntaii of the hypothahmiit, the pituitary and the thyroid gland are
Iaf9eryaxnplete«thutintta^thethyrc4d
ayntheaia. The ayateaa, however, remain* relatively inactive until ridgeataUon, only tow
levels of TSH and T4 are meajurabk in fetal aerum until It-20 weeks after which time
there b a progreaaive increase in aerum TSH, TBO, total T4 and free T4 levela. al of
which plateau at 35-37 wecta. FXirii^ the Utter hatf of t^tatwo th)roid tyatem
devetopnent invcMa echoplex interactive niaturat̂
oontroi, peripheral iodotbyroaine metabofiam, and thyroid hormone action at the ceflular
level

There k to infomMboa racaninf the tfaoint of thyroid Iwrwc^decwodeocefcr various

Itoa
ooatiouea for 40 weeks or 2SO days. The final period of thyroid lyatem maturation in the
aheep fttua oocun over • period of 7040 days, and the laat third of teatatioainthis
apeckt coven a time kternaJ of SO dayt.



Prominent features of the maturing thyroid metabotic system in the human and sheep

1. UmrtedpermetbflityofthepUcenUtothy^ There are
marked transplacental gradient* of thyroid hormones at all stages of fetal
maturation, and fetal thyroidectomy markedly reduces fetal serum T4 levels
during the latter half of gestation.

2. Extrahypothalamic production of TRR This system may function as an
atodEary hypothalamus during early thyroid system ontogenesis.

3. Fetal production of inactive thyroid hormone analogues, Thismtybe
: to aaJafajjee fetal cataboEam and enhance snabofism in most fetal

4. Mechanisms for supply of active hormone to selected fetal tissues. These
tissues are characterized by the early appearance of T3 nuclear receptors
and the Type n MDI to provide preferential local T3 production.

5. Programmed activation of thyroid hormone responsiveness in individual

This system has been characterized as pluralistic.00 Each tissue or organ is relatively
unique with regard to fcs rote fa thyroid metaboBsm and its dependence and timing of
appearance of dependence on thyroid hormones. Most tissues are protected muterofrom
the actiom of thyroid hormone*, and it the sheep there appean to be a hierarchy of
appearance of thyroid effects in various tissues as fblowt:

pl*ctnu>p4rjcre«>pituiury>br^^

Selected tissues are protected by rapid conversion of thyroodne to inactive analogue*, by
the delayed appearance of thyroid sndear receptors and probably by programmed

(T4SX revent T3 suttte (rT3SX and iTJ. Reverse T3. rT3S, and T4S are



TaMe 1. btfethvronlitt Production In Fetal
Sheep*
I*tf«4hyrM»e

T4
rT3
T3
T4S
fT3S
T3S
Bioinactive analogues
rT3+T4S4tTJS
T3+T3S

Blood Prodactioa Rate
(••AtVdaT)
20-40
5
2
10
12
2

27

4

From Polk et al, Am J Physiol 266:092,1994

inactive so that only 10-15% of T4 in the fetus appears to be mrtaboKTod to active
circulating thyroid hormone. Thus, thyroid metaboGsm in the third trimester sheep fetus i»
characterized by a relative deficiency of Type I, S'io&rthyrooine iiiofiodeiodlnaM in
peripheral tissues and by active sutttion of thyroid hormones and analogues, probably

There b evidence mat T3S can be deml&ted in vivo ta aduk rats
and may serve as a source of active T3 in the fetus, but T3S production also is fmated.

ft is known that bran maturation in the sheep fetus b thyroid hormone dependent from
approximateiy 90 days (0.6) of gestation. The fraction of T4 metabolized to T3 in brain
tissue during the last 0.4 of gestation is not known.

(XMOweafcsX

this period art not avalaMa

TSH,TBO,T4aodfteeT4
Thyrooone production rate data during

inftnu are bom with T4 and fret T4 levels

earfy sainutes after birth, tab tnnaifrt (idative) hypefthyroxkMmu subsidea within 3^4
days and the hyp ftrhalamic -pituitary thyroid axis maturation continues to mature m the

i a progressrve increase msenm
kveb of T4, free T4, T3, free T3, and an bcreasmg free T4/TSH ratio.



Fuse and colleagues from Tokyo characterized maturation of thyroid function

Ciararttrirtkt tf tlw
Birtkweigkt

(GouM)
769*112
1691*237
2240*151

3 155*3 19 (Term)

Table!
Longttvdinal Stndy and Tern Infants*

Gtrtatie* Age N«. Infants
(Weeks)
25.0*1.6
32.6*2.6
35.3*0.7
39.0*1.1

12
5
9

131
•Fro«FueeYettUDevelFfcy»ol 14:17.1990

parameters in 54 premature infants admitted to a neonatal nursery between April 19S5 and
March 19*6.°* Birthwetgnts range from 5IS to 2477 grams and gestation age from 23 to
39weeks. A cohort of 131 term infants weighing 2516 to 3912 gramswith gestation ages
of 36-41 weeks abo were studied. Twenty six of the infants were studied longitudinally
with weekly testing for a period of 14 weeks. Toe characteristics of these infants are
shown io Table 2. Figure! illustrates the pattern of maturation of serum free T4 and free
T4/TSH ratios in the study infants. Thyroid control axis maturation resembled that fca the
in utero fetus during this 14 week period. Free T3 levels a these infants (not shown)
increased progressively to the mid level of term infants by 14 weeks and maturation of the
Free T3/TSH ratio re scmHed thai of the free T4/TSH ratio.

Van Wasaenacr and associates from the Academic Medical Center, Amsterdam treated 3
groups of premature isdants ranging in age and weight from 25 to 29 weeks gestation and
650 to 1475 gram* with varying dotes ofrfe44iyro^ during the fkrt 6 weeks of
•w%a«Mt«l fifc***) /*liM-»rt^WL-• M^*k» Afmm »r*^tftf rtfl^tkmt* MJ| itn««m« «S*kuMMM* BM

irixedbTabte3. The three groups of infants were treated with 10 ugftg/day

t TSH levels were suppressed in si of the i
maintained • the 4-7 mUrL range (Jot ne 3 weeks of measurement) in coutiol jnrarti



Table)
Characteristic* e/tae Three Preaaatire

Infant Treatment Gra«pa

Group 1

Group 2

Groups

Gestation Age
Mean/Range

(Weeks)
27

26-29
21

26-29
2S

25-29

Blrthwdflt
Mean/Range

(Grams)
1045

100-1)00
1170

MO-1335
1200

650-1475

Ne
Infants

13

10

10

DoseefT4
ng/kg/day

10

s
6

Normal free T4 levels in premature infants were available for only 3 weeks in the
Amsterdam infants so that the normal mean values developed by Fuse and colleagues in
Tokyo are shown in Figure 2. The free T4 measurements were conducted in Amsterdam
using * two step RIA method; Fuse et al utffized the Gamma Coat Cfinkal Assays tit
(from Traveaot Laboratories). The upper Emits of the normal term infant range m the two
atmiM were 3S aad 63 pmoVL respectively. Thus a correction (actor (0.53) was utifzad
to traewpoee die Fuse norniative data to Figure 2. It isdear from Figure 2 that the normal
T4 production rate is kas than 6 ug/kg/day for premature infants of approximately 26-36

uterine environment, based both on the extrapolated Fuse
data aad the suppressed serum TSHfeveb. An estimate of T4 production in untreated

during mis period of 2-4 ug/kf/day would seem reasonable.

6-15 ugAg/dayfjaeualy 25-50 og
ii

taTabaM. TheWtia! average doee (1.5 ttg*B/day)
T4!e«ebofl93Bnoil*at6weeksofafe. The target range for

Aa
M

protreeaiveiyastteciaTdgrowa. The average T4 replacement dose for a 70 kg adult with
kypothyroidbm is 1.5 ug/kg/day.



Tabk4
Seram Thyreiia* C««ce«tratie*i Relative te T4 Deaa ta ChBdrta with

Treated Congenital Hypethyreidisai*
Age MeanSeraaiT4 MeanT4Deee

(••oil.) (.tAtVday)
29 days** 40

6wk 193
< —- iff

umt 1W)

Iyr 156
2yr 160
6vr 149

1.5
1.6
5.0
4.1
4.4
3.6

•From Ifcyerdahl et al. 1 PedsBtrica 1 11:150, 1991
••Mean ace at onset of therapy

The indicated treatment doae in theae children resulted fa an average performance IQ
measured at 6 yean, of 94.4 ± 13.5 (mean sod SD) for 46 children. The mean IQ of
sMing pairs was 105 ±16.4, a dffierence of 10 IQ points. In this study the 6 year IQ
showed a correUtion with mean serum T4 during the first year. Children with an average

serum T4 level > ISO nmolft, had a mean 6 year IQ of 97.

In another study by Tinouoo and coBeaguci from London, a total of 351 children bore
1914 were studUd.** T1»T4

doae ranfad fcoaa 12 to 76 uf/d«y or about 2 to • oafta/day wfch a

year ranged ftoa 79 to 261 nmot/L wkfa a meolan appnuiiiialint 170 amol/L. Afe at
start of treatment or average plasma T4 level during the first year ahowad no correlation
with 5 year IQ. There were poeitive coneunone, however^ between IQ and (
va.
v«.

at baih (a-IS, IQ
treatawntaV
134 vs. 161

i severe (fetal) hypodtyroidbni is easochted wkh aa
appfoatimata 10 point IQ deficit relative to less Kvcrely affected iriaati fa spite of early

•̂•>

Duaaank's group hi Quebec studied t new cohort of CH

study the
12 inteta, 7 with more severe aadSwkibkw severe CH at b la das
an T4 doae at one* of therapy was 11.5 utAtfdey (vs. 6-1 ug4g/day fa the



•arficr atudy). The II noath developmental quotient (Griffiths) vahjea were UK i 10 and
113 ± 3 hi the aevere and leas severe froupt (vt. 9t ± 13 and 111 ± 5 fa the earSer study).
From a more extensive itudy of 45 CH infants, the lame authors concluded that, with
eeritar treatmeot and a higher initial doee of levc4hyrojdtae(medianll.6iaj/tydeyXtItt
early developmental outcome of mftnts with severe congeohal hypothyroidum b now
oxfijtinguiahabte from that of Wants with the moderate fbrn of the dbeaaeuied as
oootroie.01* Theae results and those of Heyerdahl and coltoagues suggest that more
intensive treatment during the frit year of ifc can improve IQ in tafants with more severe
CHatbfatk

i^
7-12aaoaA intarval wu 5.5 ug/hf/day. Average total T4 leveb ranged from 130 to 206
nmofL during the fir* 6 monthe and 130 to 167 nmoML during the 7-12 month mtervai.
Avarag* free T4 leveb ranged from 26-37 pmoVL during the fir* 6 months and 21-32
pmA/L during the aecond 6 months (normal newborn range 16-35 pmoi/L). There were
no development*! quotient data for these Wants but the study documents the doses of Na-
1-thyraxine neccasary to maintain the serum T4 and free T4 leveb in the upper hatf of the
normal range in mftnts with congenital thyroid dVageneau during the first year of fft(l 1.5
t*%»/dty*birtK7ug/fcg/d«yat04nM(^«iMi5Ju
period).

'•I
mgintlon rate versus a§s between 24 weeks ft si ation and 2 years of poetaatalaga. His
plot bahow. in Figure 3. Tfeestin^fcr24^wedc>ge«idon,2^ug/tydty,w«s
derived from Figure! Upper and lower raagestir this period probably aretelha 1-6
uaAt/day nag*. ThgreoMningcurvtwud>itfa)ped<^thcdat»ofIIey<rdaMaod

The daiy intake of iodme ncotnmeaded by the National !UaeafchCounci(NRC-USA) in
19t9 «sa 40 og/day fcr young iaftnta (0-6 monthaX 50 ug/day fcr older mftnts (M2



ug/kf/day respectively. These amounts are proposed to sflow oonnsl T4 production
without stressing the thyroid iodide trappu«g mechanism or raising TSH levels.

The appropristeoess of these recommendations hu been recently ftmher discussed and
partly questioned.00 Tl* figure of 1 50 ugiodlM'ty (or adole*cenu an aduteb justified
by the fact (hat it corresponds to the daily urinary excretion of iodine and to the iodine
content of food in non endemic areas.0* It also provides the iodine intake necessary to

the pbsna iodide level above the critical fimk of 0.10 ug/dX which ie the average
tsveJftaty associated with the onset of goiter.™ Moreover, this level of iodbe intake is
required to nrintsei the fodbe stores of the thyroid above the criticaJ threshold of 10 mg,
below which aa bsuAckot level oftednation of thyroglobuEn intiatee olaorders fa-* — * j*^ — --- . . - • - - - • -« • •

The iodme requirement during pregnancy is increased to provide lor the needs of the fetus

clearance of iodide during pregnancy.09 These requirements htve derived from studies of
thyroid (unction during pregnancy and in the neonste under conditions of moderate iodine
deficiency; aa example is Belgium where the iodine inuke is estimated at 50-70 ug/day.0*1

la such an environment, thyroid function during pregnancy b chsracterixed by a
progressive decrease of the serum concentrations of thyroid hormones and an increase in

iTSHtndthyroglobuin. Thyroid volume progressively increases and b above the
upper fait of normal in 10% of the women by the end of pregnancy. Scrum TSH and
ttyrogh)bulB »rt stilh^er fa the necMU* than n the owdm*.0^ *•*••• A~~-.au.
are prevented only when the mother receives a daily •a^4fmtrtirinoof 16Sugiodkie/dty
during pregnancy (100 ug/tg and 100 ug thyroxins).0* Ihess data fadfeato that the iodme
intake required to prevent the onset of lubcfcricd bypothyrodbm of a»dw and fetus

of 200-250 ttg/day.

The US recommendation of 40 ug iodme per day in iirfaj*sagedOto6monthe(orS

For

^7*

15 ugAg/dtykfultcrm and 30 ugfcg/dtyb pretenn'infants.00 Tlw corresponds
approximatdy to an fedme mtakn of 90 ug/day, a value 2 foU higher theo the US
rscommeBdstions. Based on these conakfarriJoni, the present recominendation by WHO

10



baa iodine intake of 90 tig/day from birth onward*.** To reach thb objective, and baled
oa an iotaka of naflk of about 150 mVkg/day, the iodine oooteot of formula raffle should b*
jncrtesed from S u§/dL to 10 ug/dL fcr ftifl term aad 20 ug/dL for preterm infants.
Considering a urine volume of about 4-6" dL per day Iron 0-3 yean, tiM urinary
coiioentraiionofioolMinoVaiiigiodnerepletta
m infants aged 0-36 months Such valuet hive been observed in iodine replete infants to
Europe**11 in Canada*" and in the United States,144* la condrooos of moderate iodioe
cVfldency as aeea b Belgium, the avenge urinary iodine concentration b oory 5-10 ug/dL

nion^ofdaiyfupc4e0eatatioabyaphyeiok)gicaldoeeofM Figure 4.

young inftnts b below a dveshold
of S-6 tajML cmepojKing to aa intake of 25-35 ug/day. there b a sudden facrease fa the
prevalence of a*oaataJ serum TSH values fa excess of 50 nil/L fadkatinj subcfaicel
hypothyroJdum and eventually complicated by transient neonatal hypothyroidbm.*4*1

When die urinary kxfine concentration b fa the range of 1-2 ug/dL, as observed fa severe
endemic goiter regions, up to 10% of die neooates have overt severe hypothyroidism with
serum TSH levels above 100 mU/mL and serum T4 values below 3 ug/dL (39 nmol/L).89

Untreated, these infants progress to the fiifl picture of myxedematous eodemk

Tbua, the iodne requiraneat of die young infant approximate* 15 ug/Vg/d«y (30
uayhf/day ta pretenm); IniwthyrotnpinemU, indicating subcâ
the ffak of brain damage, oocun when die kxfine intake b about OM third of thb value,

i eodemk

The deity todne need on a body weight baab decreases progreasrvtly with age. A study
by Tov»f and colMgiW^oofreu^ 24 hour thyroid radiiok̂
kxfide excretion fa 9-13 year old 9dncU&to*triUete»>ggt*rt&Xmk)&*
aotafca in excess of 60 ug/day b associated with a 24 hour d̂ roidal radfcfcdfae uptake

Lowv excredoo values an associated with hither oirtatovahm TOs

• 1-10 year old chid would seem appropriate.

•nA of iodbe intake to inhJbfe ttyraid faactioebeoteaflytode&iebeoaaaeitb
B06M» flnOOOoL iOfil
dtrappiatofioelde

critical ratio between kxSde and total ioolne wWrin the thyroid, which b the starting pok*

11



of the Wotff-Chaikoff effect, is more eaauy reached ncondtion* of iodine depletion than
to nonnal condition*."* to addition, the neonatal thyroid is particularly sensitive to the
WonT-Chatkoff effect because the anmature thyroid U urtaMe to decrease iodide clearance
to compensate for increased kxfine intake.*̂

b if for these reasons that transient neonatal hypothyroidism or transient hyperTSHemia
following iodine overload of the mother, especially after the use of povidooe iodine, has
been reported more frequently to European countries such as mBckium, France, and

In a study it B ah> m, iodtoe overloed of mother* (cutaneous povidooe iodine) increased
the breast a* iodtoe concentration and increased oewbc*nk)o1o« excretion of terni

121
ug/dL were associated with average late* urinary iodine excreta iBvefe of 2* us/dL and
1S4 ug/dL, reapectiveiy.09 Estimated average iodine intake* would be 112 and 736 us
dairy, or 37 and 24$ ufAf/day, respectively. Tlie lower dose signincantry increased the
peak TSH response to exogeaoua TRH but did not increase the (secretory) area under the
TSH response curve. Tbe larger doee increased both the peak response and secretory area
a* weBu the biicinr TSH concentration. Serum thyroxme concentrations were not
altered, however. Tbut, theee inftnu had a mild and transient, compensated hypothyroid
state. NoacontanaaatedaaotheniecretedbreiAinilkcontatntn^

Th
that modest iodine overloading of term infants in the neonatal period in an area of relative
dfetary iodine deficiency (Belgium) also can impair thyroid hormne secredoo.

Tiiaiartj atuiiri in Trairs inifir slnil rtut f rmiitnn inftnti minimi in niHncmiii pmriifmr
fcnfrt or ftnOTKJMfttd aktrfK44Mfint ttt*"1**̂ 1. and crtr**^ todh>» fa uffat in fmffttt ftf
100 ug daiy, saanifcated decreaaed thynndoe and increased TSH «om*rtrHioai la

gMtatioethania 3$-37 week pranHturaa; til tern infaitt were not afsected. Theee
ttudhn tuggtuitiat fat Europe ttie vffff^^^ ^^^^^^f^M^tmdtnctttto
biocbigjt of thyroid secretiosi to preBBtuvo uanls (about 200 laj einy/ Is 2 to 9 tkne* the

b the Unfced Statei fa 1971, feluda* bftats fed
eetineted by tlM îwketbMkerapproi<kM Themeeo intake

by inflaatt was 576 us/day (standard deviation 196) todthatbytoddkyswas 72Sug/day
(SO 315). Ttecorreapood0g value for adults was 952 «f/day(SDSt9). The upper

daayk
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and the upper range for toddkn (13SI uf/day), would provide a daily intake of 90 ugAf
for a 15 kg toddler.

Table 5 ausnmarixee the reoommcnded dietary intake of kxfine for age and approximate
level of intake which appear not to impair thyroid AiiKtion fa the European atuoles of
Dcta^inu)f^fatheloAdingftu£e«of«iuh4m
of the highest estimates of oletary intake Qi* reviewed) in the United States. Wkfcthe
exception of the value* for premature fatal, these "proUbryMfc"liniUare IStoraore

ofioftntfoinulMapproxinateaSiiaydLorSOtiayL The
upp«r Mt probefety should be one (hat provide* a ddy iotfioe intake of no awe than 100

itot»fcraula.wfcha<
150 nttg (100 KenVkiX *• upper fa* of the todbe eoottnt of fommrfa wouW be about
65uaydL. tl^ current at^ginat nl ypperiait of iodine fa inftat fcraulaa of 75 ua/lOO Kcal
(50 ug/dL) would

TtbleS
KjK*mm*mdt4 Dietary btaka ef lodfaw

Wetaiy ledbM IntaJK

Upper Umtt*
30 100
15 150

140
MOY< 50

Ho low free T4 lev* serf low product** rate of T4 fa the pi

; a 5-10 point 1Q deficit cannot be oduded.

et
auprapeiyMological HVCU of •yradne

nypothyionjaHi (delayed bone maturation and low serum T4
awg> Ttoc&M^b*u*r^mrvn6rtto*c&i!bXti*pmQdar
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thyroxine dependency of brain maturation indudee the tlxrd trimeater of jeauttoo. Fetal
thyroid hormone deficiency during thia period appean to acooiot to approximately 10
pofauofK). Severe thyroid hormone deficiency during the frit 6 rath* of Ifrleida to
aa average loei of »«n« 30 point* of IQ. The extent to which the entire curve oflQ loea
venus a^e b ahifted to the left and downward by aevere fetal Irypothyroidiim and the time
period of mtrauterine brain vulnenbifity are not yet dear.

The data from Fajurea 3 and 5 indicate that the threahotd iodine need of 6 to
during »• ** * yean of Eft comperea to a thyroxme ul&atio0rateof3to?i«fA9fttty.

the fate wttMmelaooatreeeedtivroidAn*^ by 3-4 fold. TUafe due to thyroid

ia dMractarimd by low coaceatnbooe ofthyroglobuaB per a* thyroid deaue.

Thua, orgaaiflcetioa appean to be relatively
inefficient making the premature moot more auacef̂ K^ to Irypothyioidism induced either
by kxfine deficiency or exoct*. Debnge et al have recommended an intake of iodine of30
u»yky/dayin premature inftnta.0** The term n&nt in areas of margiaal iodine intake alao
ia at riak for tranaieat hypothyroidiam.0^

The riak of k>c5ne overload producing hvpocbvrot<£«m with KM^ luppleoeivjtioo ia
•foiflcant fa the praaature infant whan the recommended and i«)perliniti of lodme
iatakedmVbyoeJyMCbld.(Tab4eS) laftii term hfenta and chadrea the rwonanendod

tatakee would provide fete riak of overload.

iitiiraiionfrroductioa at the premature
appeen to be relatively low, eerum FT4 fcveie are raJaed coMdcraMy above cootrdteveb
andaenmiTSHv^areauppreaaedbyaT4doaeor*iirte/4ay. A T4 production rate

thynadne productioWatifaatioo in the premature Meat iacoMteeel with thaobearvatioo

—^— •mraaf----«-•--•--• J---- -̂ A-̂ .»_l_».w^ aupivî arao0Gai eoaaa OK myroejaae
ca

hypeufcyrnMani rdallvtlj •ocelcratca the proctiaoi of CMS aaturatfao during tfce
extrauterine period of thyn

14
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Suggested threshold and National Rcicarch Council (NRC, USA) recommended iodine
intake during infancy and dddhood. The suggested thretl̂  needs were developed by
the authors as described in text.
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Attachment 4

INFORMATION ON PERCHLORATE HEALTH EFFECTS COMPILED
FOR THE PERCHLORATE STUDY GROUP



— Perchlorate Study Group

AS DEFINED BY EXPERT
WORK GROUPS

An RfD or RfC is

...an estimate (with uncertainty spanning
perhaps an order of magnitude) of

a daily (for RfD) or continuous (for RfC)
exposure to the human population
(including sensitive subgroups)

that is likely to be without an appreciable
risk of deleterious effects during a
lifetime.

Toxicology Excellence for Risk Assessment -



— Perchlorate Study Group

The estimation of these
subthreshold doses involves
several judgments

such as

the choice of the most appropriate No
Observed Adverse Effect Level
(NOAEL) of the critical effect,
usually from animal data, and

the choice of the appropriate
uncertainty factors based on a
review of the entire database.

Toxicology Excellence for Risk Assessment



Perchlorate Study Group
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FIGURE 1. The judgement of the critical effect and its NOAEL along with
the appropriate uncertainty and modifying factors leads to the estimation
of the RfD or RfC. As the dose or concentrafon exceeds the RfD or RfC,
the probability of adverse effects increases.
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Perchlorate Study Group

UNCERTAINTY FACTORS

FACTOR* EXTRAPOLATION

H 10 AVERAGE HUMAN TO
SENSITIVE HUMAN

A 10 or 3** ANIMAL TO HUMAN

S <10 SHORT TERM TO LONG
TERM EXPOSURE

L :SlO LOAEL TO NOAEL

D :SlO MINIMUM TO COMPLETE
DATA BASE

These factors are as used by the U.S. EPA. Other health
organizations use similar factors. In EPA, The maximum UF
for any given data base is 10,000. Data bases weaker than this
are judged too uncertain to estimate RfD/RfCs.

**For RfCs the default UF for area "A," animal to human, is 3.

Toxicology Excellence for Risk Assessment -



— Perchlorate Study Group ——————————

HOW ACCURATE

ARE THESE

ESTIMATES?
ADIs, MRLs, RfDs, RfCs or TIs are

considered to be accurate estimates of
doses below a toxicity threshold,
because they are based on a review of
all toxicity data and individual
uncertainty factors are considered to be
somewhat protective. The use of
several UFs can yield conservative
estimates.

If you play golf, accurate drives are
generally those that land in the
fairway, although they may be
scattered over a wide area.

Toxicology Excellence for Risk Assessment -



— Perchlorate Study Group

( BBBBBBBB

HOW PRECISE

ARE THESE

ESTIMATES? 5 5 551
MMI^^H ^^^^^^> ^^^^^^P ^^^^^^B ^^^^^^B

Not very! Each uncertainty factor
varies with ranges up to about 10-
fold. Several factors are generally
multiplied to estimate a subthreshold
dose and some factors overlap,
thereby increasing variability and
decreasing precision.

.....If you play golf, precise drives are
those that consistently land in one
area of the fairway (or the creek).

Toxicology Excellence for Risk Assessment



• Perchlorate Study Group ————————————————————————————————

Major assumptions, strengths &
limitations of the RfD/RfC

Major assumptions are...
a population threshold exists,
these estimates represents subthreshold doses, and
preventing the critical effect protects against all

effects.
Major strengths are...
all data are reviewed in the choice of the critical

effect and its NOAEL
uncertainties in the entire data base can be

addressed in the RfD/RfC thru factors based on
best judgement

Major limitations are...
NOAEL of the critical effect ignores much of the

data and often does not distinguish amongst
better quality studies,

uncertainty factors are imprecise, and
risks above these estimates of subthreshold doses

are not estimated.
———————————————————— Toxicology Excellence for Risk Assessment -I



Issues for Proposed Perchlorate RfD

• An abundance of data exists on perchlorate's effects on Graves' patients, but data
are more limited on chronic exposures in normal humans and animals at concentrations
likely found in environmental exposures. Although the thyroid appears to be the
principal target organ, no other organ systems have been well-studied in animals. Other
effects seen in Grave's patients are hematological at doses 100-fold higher than those
needed to affect iodine concentrations in the thyroid. Therefore, does the database
support the development of an RfD for perchlorate?

• Are immediate effects on the thyroid (i.e., inhibition of iodine uptake and discharge
of iodine from thyroid) the appropriate critical effect for the RfD?

• Which of the available data best reflect expected effects in normal or sensitive
humans?

Questions Related to the Uncertainty Factor:

• Do rats respond faster and to a greater degree than humans to the effects of
perchlorate because the rat thyroid lacks an iodide binding protein, resulting in greater
effort to maintain constant blood levels of thyroid hormones? Does this response mean
that rats are more sensitive than humans to effects of perchlorate? How does this affect
the uncertainty factor for interspecies extrapolation?

• Long-terra animal studies at very high doses show the types of morphological
changes in the thyroid typical of a prolonged exposure to TSH that is seen after chronic
interference with the thyroid-pituitary axis. How might this affect the uncertainty factor
for subchronic-to-chronic exposures?

• Can Graves' patients be considered sensitive when compared to normal humans to
both effects on the thyroid and hematological effects?

• Thyroid hormones play a critical role in the neurological development of infants up
to two years of age. However, there are no studies which evaluated the role of
perchlorate on the neurological development of neonates. Are neonates considered a
sensitive subpopulation for perchlorate? Will the uncertainty factor of three protect
neonates from the effects of perchlorate?

• The addition of Caldwell (1996) strengthens the database; how does this affect the
use of a database uncertainty factor?



voncancer Oral Level 3

~ftemical Perchlorate

CAS Number 7778-74-7

Organization Toxicology Excellence for Risk Assessment

Risk Value and Name IE-2 mg/kg/day Reference Dose (RfD)

Year: 1997

Determination of Critical Effect

Until the mid 1960's perchlorate was used to treat hyperthyroidism caused by Graves' disease.
Therefore, perchlorate has been extensively studied in Graves' disease patients and to a lesser extent
in normal humans. In addition, both short- and long-term studies in various rodent species have been
conducted. The data in both humans and animals indicate that perchlorate exerts its effects by
competitively inhibiting uptake of iodine into the thyroid thereby inhibiting the production of iodine-
containing thyroid hormones. The short-term consequence of this action is a response by the pituitary
gland to produce TSH which in turn stimulates diffuse cell division and growth of the thyroid gland
Effects related to disturbance of the thyroid-pituitary axis have been seen in studies in humans, both
Graves* patients and normal humans, and in both short-term and long-term studies in animals. Thus,
disturbance of the function of the thyroid-pituitary axis appears to be the critical effect from exposure

perchlorate.

The human studies demonstrate mat Graves' disease patients treated with doses in the range of
6 to 14 mg/kg/day occasionally developed fatal aplastic anemia (Hobson, 1961; Johnson and Moore,
1961; Fawcett and Clark, 1961; Krevans et al., 1962; and Gjemdal, 1963). However, this response is
likely to be the result of patients with an improperly functioning immune system suffering an immune
mediated hypersensitivity reaction to perchlorate. In a single Graves' disease patient, a dose level of
3 mg/kg/day controlled hyperthyroidism with no side effects after 22 years of treatment (Connell,
1981). When the underlying mechanism of toxicity is examined (i.e., prevention of iodine uptake by
the thyroid), a dose of 1.4 mg/kg/day in Graves' patients caused complete release of iodine by the
thyroid while lower doses caused only a partial release (Stanbury and Wyngaarden, 1952). This dose
represents the lowest LOAEL observed in the human database; no human studies which identify a
dose that has no effect at all on thyroid function were found.

The critical study, Stanbury and Wyngaarden (1952), evaluated perchlorate in patients with
Graves' disease and found that perchlorate caused the discharge of iodine accumulated in the thyroid
and blocked the uptake of iodine into the thyroid. Within 30 minutes of administration, a single dose
of 100 rug potassium perchlorate (1.4 mg/kg/day) caused the nearly complete release (-80%) of 1-131
from the thyroids of 8 Graves' disease patients previously treated with tracer amounts of 1-131 and 1-
methyl-2-mercaptoimidazole (MMIA). MMIA is an antithyroid agent that inhibits incorporation of
iodide into thyroid hormone molecules. Pretreatment with MMIA ensured that any 1-131 accumulated
in the thyroid was not used to produce thyroid hormone. A single dose of 10 mg perchlorate (0.14
mg/kg/day) appeared to cause about a 50% release of accumulated iodine and the authors reported
that perchlorate doses as low as 3 mg (0.04 mg/kg/day) caused detectable, but incomplete, release of

idine from the thyroid (data for doses less than 10 mg were not presented). In addition, Stanbury and



Wyngaarden (1952) reported that the uptake of tracer levels of 1-131 into the thyroid glands ofvients with Graves1 disease was markedly inhibited for as long as 6 hours when 100 mg of
stassium perchlorate was given orally 1 hour prior to administration of the tracer. Inhibition of iodine

occurred both in two patients treated with MMIA and three patients without MMIA treatment. The
authors state that no toxic effects were encountered in any of these patients who were given no more
than three doses for a total of not more than 600 mg potassium perchlorate.. This study identifies a
definitive LOAEL of 1.4 mg/kg/day for complete release of iodine from the thyroid. Since it is not
clear what degree of iodine release constitutes an adverse effect, a NOAEL was not designated for this
study.

Most animal studies were conducted at doses that were too high to identify the threshold for
perchlorate's effect on the thyroid-pituitary axis. However, two animal studies identified NOAELs. A
four-day study identified a NOAEL of 1.5 mg/kg/day (Mannisto et al., 1979) and a 14-day study
identified a NOAEL of 0.12 mg/kg/day (this dose was a LOAEL in females) based on decreased
thyroid hormone levels and increased TSH levels (Caldwell et al., 1996). A third study suggested a
NOAEL of 0.25 mg/kg/day for increased secretion of iodine from the thyroid. However, mis study
was poorly reported and lacked critical information necessary to be adequate for risk assessment
purposes (Shigan, 1963). A defect of the animal studies is that none of the studies adequately
examined organs or tissues other than the thyroid.

Quantitative Estimate

The RfD was calculated based on a LOAEL of 1.4 mg/kg/day (Stanbury and Wyngaarden,
52) and a total uncertainty factor of 100. Because no human studies have identified a definitive

NOAEL; the RfD is based on the lowest human LOAEL identified. This study is supported by short-
term animal studies which find NOAELs in the range of 0.1-1.5 mg/kg/day. Uncertainty factors include
3 to protect sensitive subpopulations, 3 to account for extrapolation from short-term studies, 3 to
account for database deficiencies and 3 for the use of a minimal LOAEL. Confidence in the RfD is
medium-to-low because of the general lack of information about the effects of chronic exposure at
low doses.

Peer Review

This RfD was reviewed at a TERA peer review meeting on March 7,1997.
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Executive Summary
A reference dose (RfD) of 0.01 mg/kg/day is proposed for perchlorate.

This RfD is based on a critical study in sensitive humans which identifies a lowest
observed adverse effect level (LOAEL) of 1.4 mg/kg/day based on early
manifestations of thyroid-pituitary disturbance. No human studies have identified
a definitive no observed adverse effect level (NOAEL); the RfD is based on the
lowest human LOAEL identified. This study is supported by short-term animal
studies which find NOAELs in the range of 0.1-1.5 mg/kg/day. Recommended
uncertainty factors include 3 to protect sensitive subpopulations, 3 to account for
extrapolation from short-term studies, 3 to account for database deficiencies and
3 for the use of a minimal LOAEL. Confidence in the RfD is medium-to-low
because of the general lack of information about the effects of chronic exposure
at low doses.

Until the mid 1960's perchlorate was used to treat hyperthyroidism caused
by Graves' disease. Therefore, perchlorate has been extensively studied in
Graves' disease patients and to a lesser extent in normal humans. In addition,
both short- and long-term studies in various rodent species have been conducted.
The data in both humans and animals indicate that perchlorate exerts its effects by
competitively inhibiting uptake of iodide into the thyroid thereby inhibiting the
production of iodide-containing thyroid hormones. The short-term consequence
of this action is a response by the pituitary gland to produce TSH which in turn
stimulates diffuse cell division and growth of the thyroid gland. Effects related
to disturbance of the thyroid-pituitary axis have been seen in studies in humans,
both Graves' patients and normal humans, and in both short-term and long-term
studies in animals. Thus, disturbance of the function of the thyroid-pituitary axis
appears to be the critical effect from exposure to perchlorate.

The human studies demonstrate that Graves' disease patients treated with
doses in the range of 6 to 14 mg/kg/day occasionally developed fatal aplastic
anemia. However, this response is likely to be the result of patients with an
improperly functioning immune system suffering an immune mediated
hypersensitivity reaction to perchlorate. In a single Graves' disease patient, a
dose level of 3 mg/kg/day controlled hyperthyroidism with no side effects after
22 years of treatment. Thus, this dose, while having a beneficial effect in Graves'
patients, might be a LOAEL in normal humans with a lifetime of perchlorate
exposure. When the underlying mechanism of toxicity is examined (i.e.,
prevention of iodide uptake by the thyroid), a dose of 1.4 mg/kg/day (LOAEL) in
Graves patients caused complete release of iodide by the thyroid while lower
doses caused only a partial release. No human studies which identify a dose that
has no effect at all on thyroid function were found.

Toxicology Excellence for Risk Assessment 5 February 1997
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Most animal studies were conducted at doses that were too high to identify
the threshold for perchlorate's effect on the thyroid-pituitary axis. However, two
animal studies identified NOAELs. A four day study identified a NOAEL of 1.5
mg/kg/day and a 14-day study identified a NOAEL of 0.12 mg/kg/day (this dose
was a LOAEL in females) based on decreased thyroid hormone levels and
increased TSH levels. A third study suggested a NOAEL of 0.25 for increased
secretion of iodide from the thyroid. However, this study was poorly reported
and inadequate for risk assessment purposes. A defect of the animal studies is
that few of the studies examined any organs or tissues other than the thyroid.

Toxicology Excellence for Risk Assessment 6 February 1997
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1. Introduction

Perchlorate compounds have been widely used as solid rocket propellants
and ignitable sources in munitions and fireworks. Perchlorates are also a
laboratory waste by-product of perchloric acid. Because perchlorate use was
required in the performance of Department of Defense and National Aeronautic
and Space Administration contract, government and contractor facilities are
potential locations requiring extensive perchlorate remediation. These
compounds have been found as contaminants in soils and groundwater. In
addition, until recently, perchlorate salts, particularly potassium perchlorate,
have been used therapeutically to treat hyperthyroidism resulting from Graves'
disease. Perchlorate, C1O4", is an anion which forms salts with most cations.
These salts dissociate completely when dissolved in water or aqueous tissues.

This paper will discuss the human and animal toxicity data for perchlorates
and calculate an oral reference dose (RfD) for the non-cancer health endpoints
following the U.S. Environmental Protection Agency (U.S. EPA) methods.
Several important issues related to perchlorates' potential for causing adverse
health effects in humans will be discussed to better characterize the health risk

1.1 Existing Provisional Reference Dose (RfD)

RfDs for perchlorate-containing compounds, including potassium
perchlorate (CAS# 7778-74-7), ammonium perchlorate (CAS# 7790-98-9),
lithium perchlorate (CAS# 7791-03-9), sodium perchlorate (CAS# 7601-89-0) or
perchloric acid (CAS# 7601-90-3) are not available on U.S. EPA's Integrated
Risk Information System (IRIS) or Health Effects Assessment Summary Tables
(HEAST). In late 1992, U.S. EPA's Superfund Health Risk Technical Support
Center in the National Center for Environmental Assessment (NCEA) assessed
the toxicity of potassium perchlorate and developed a provisional RfD for the
perchlorate compounds. This provisional value has been used as the basis for
developing clean-up levels by U.S. EPA Regional Superfund personnel. In
addition, U.S. EPA Region in has placed this provisional value on its Risk-Based
Concentration Tables, which are a widely-used risk assessment reference for
many state agencies.

The provisional RfD is based on an acute study by Stanbury and
Wyngaarden (1952) in which single doses of potassium perchlorate caused the
release of iodide from the thyroids of patients with Graves' disease. The NOAEL
was determined to be 0.14 mg/kg/day because iodide release was incomplete at

Toxicology Excellence for Risk Assessment 7 February 1997
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this dose. The 1000-fold uncertainty factor included a factor of 10 for the use of
a less-than-chronic study, 10 to protect sensitive subpopulations, and 10 to
account for database deficiencies. The resulting provisional RfD was 0.0001
mg/kg/day.

1.2 Purpose of this Document

In 1995, the Perchlorate Study Group (a consortium of companies that use
and/or manufacture perchlorates) submitted a revised assessment of the
perchlorate RfD to U.S. EPA-NCEA for review. At that time, several issues
regarding the association of perchlorate treatment with fatal hematological
disorders and the deficiencies in the overall database were identified and
remained unresolved. The purpose of this document is to develop an RfD for
perchlorate based on a comprehensive discussion of its likely critical effect and
uncertainty factors that incorporates the latest information on interhuman
variability, interspecies extrapolation, extrapolation across durations, and
strengths and limitations of the overall database. These issues are discussed
below.

1.3 The Method Used

The RfD method of U.S. EPA was used to evaluate and quantitate the non-
cancer toxicity of perchlorate. The determination of RfDs lies squarely in the
area of hazard identification and dose response assessment as defined by the
National Academy of Sciences (NAS, 1983) report on risk assessment in the
federal government. U.S. EPA defines the reference dose as an estimate (with
uncertainty spanning perhaps an order of magnitude) of a daily exposure to the
human population (including sensitive subgroups) that is h'kely to be without an
appreciable risk of deleterious effects during a lifetime. (Barnes and Dourson,
1988; Dourson, 1994).

For health effects that are not cancer, the U.S. EPA and others first
identify the critical effect(s), which is the first adverse effect(s) or its known
precursor that occurs in the dose scale. Human toxicity data adequate for use in
the estimation of RfDs are seldom available, but if so, they are preferred in the
selection of this critical effect. The use of human data has the advantage of
avoiding the uncertainties inherent in interspecies extrapolation.

After the critical effect(s) has been identified, U.S. EPA generally selects
an experimental dose rate from a study that represents the highest level tested at
which the critical effect was not demonstrated. This level (i.e., the NOAEL) is

Toxicology Excellence for Risk Assessment 8 February 1997
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the key datum gleaned from the toxicologist's review of the chemical's entire
database and is the first component in the estimation of an RfD. If a NOAEL is
not available, the use of a LOAEL is recommended. Alternatively, a benchmark
dose (BMD) may be used in this part of the assessment. A BMD is a statistical
lower confidence limit on the dose that produces a predetermined level of change
in adverse response compared with the response in untreated animals (called the
benchmark response or BMR). Advantages and disadvantages of NOAELs and
BMDs are described elsewhere (U.S. EPA, 1995).

Presented with data from several animal studies, U.S. EPA first seeks to
identify the animal model that is most relevant to humans based on the most
defensible biological rationale, for example using comparative pharmacokinetic
data. In the absence of a clearly most relevant species, however, U.S. EPA
generally chooses the critical study and species that shows an adverse effect at the
lowest administered dose. This is based on the assumption that, in the absence of
data to the contrary, humans may be as sensitive as the most sensitive
experimental animal species.

In the absence of adequate human data U.S. EPA generally considers a
"complete" database, that is, complete for the purpose of calculating a RfD for
noncancer health effects, to be composed of:

• two adequate mammalian chronic toxicity studies by the appropriate route in
different species;

• one adequate mammalian multi-generation reproductive toxicity study by an
appropriate route; and

• two adequate mammalian developmental toxicity studies by an appropriate
route in different species.

An adequate study is one which tests a sufficient number of animals of both sexes
at two or more nonzero dose levels and identifies a NOAEL and LOAEL. The
determination of study adequacy rests on professional judgment. A detailed
discussion of the factors to be considered when evaluating the adequacy of a
database and a study can be found in U.S. EPA (1994).

Uncertainty factors (UFs) are reductions in the dose rate or concentration
to account for areas of scientific uncertainty inherent in most toxicity databases.
The choice of appropriate uncertainty and modifying factors reflects a case-by-
case judgment by experts and should account for each of the applicable areas of
uncertainty and any nuances in the available data that might change the magnitude
of any factor.

Toxicology Excellence for Risk Assessment 9 February 1997
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Typically, U.S. ERA uses uncertainty factors to account for five areas of
uncertainty. The UF for human variability (designated as H) is intended to
account for the variation in sensitivity among the members of the human
population. The UF for experimental animal-to-human extrapolation (designated
as A) is intended to account for the extrapolation from animal data to the case of
humans and is considered to have components of both toxicokinetics and
toxicodynamics. The subchronic-to-chronic UF (designated as S) is intended to
account for extrapolating from less than chronic levels to chronic levels. The UF
for LOAEL-to-NOAEL extrapolation (designated as L) is applied when an
appropriate NOAEL is not available to serve as the basis for a risk estimate, and
extrapolation from an experimental LOAEL is necessary. Database completeness
(designated as D) is intended to account for the inability of any single study to
adequately address all possible adverse outcomes. U.S. EPA currently uses an
additional factor, referred to as a modifying factor (MF), as an occasional
adjustment in the estimation of an RfD to account for areas of uncertainty not
explicitly addressed by the usual factors.

The traditional default value of 10 has been generally used for each of
these UFs; U.S. EPA, however, through experience of calculating thousands of
RfDs has developed criteria for reducing UFs (generally to a half-log value of 3,
or 1), when data warrant. U.S. EPA also recognizes the potential overlap
between UFs and attempts to accommodate this. A recent publication discusses
the use of factors other than default based on these criteria (Dourson et al.,
1996).

The equation that U.S. EPA uses to determine the value of the RfD is:

RfD = NOAEL or LOAEL(mg/kg/day) + (UF x MF)

where:

NOAEL = No Observed Adverse Effect Level
LOAEL = Lowest Observed Adverse Effect Level

UF = Uncertainty Factor
MF = Modifying Factor.

Finally, U.S. EPA provides a statement of confidence in their noncancer
risk estimates (Barnes and Dourson, 1988; Dourson, 1994). High confidence
indicates a judgment that additional toxicity data are not likely to change the RfD.
Low confidence indicates that at least a single, well-conducted, subchronic
mammalian bioassay by the appropriate route is available. For such a minimum
database, the likelihood that additional toxicity data may change the RfD is
greater. Medium confidence indicates a judgment somewhere between high and
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low. Example of confidence statements for RfDs can be found on U.S. EPA's
IRIS (U.S. EPA. 1996).
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2. Hazard Identification
2.1 Review of Relevant Data

Perchlorate was used until the rnid-1960's in the treatment of people who
are hyperthyroid because of Graves' disease. Many studies have examined the
effects of perchlorate in Graves' patients but few have studied the effects in
normal humans. The studies that were conducted in normal humans do not look
at long-term exposure to perchlorate. Long-term studies in animals, clearly show
thyroid toxicity at high doses; although, generally, these studies did not examine
targets other than the thyroid. In summary, the perchlorate database defines well
the mechanisms by which perchlorate acts on the thyroid but provides little
information on the dose-response of perchlorate or on the likely effects in normal
humans after chronic exposure to low doses. This had lead to investigation of the
effects that lower doses of perchlorate have on the pituitary-thyroid axis.

2.1.1 Toxicity Data in Humans

The thyroid gland appears to be the principal target organ for perchlorate
toxicity in humans. In humans, the only other effects seen are hematological
effects in Graves' patients at doses 100-fold higher than those needed to affect
iodide concentration in the thyroid. However, experts in the field have suggested
that these hematological effects are a hypersensitivity reaction and unrelated to
the effects that perchlorate have on iodine balance in the thyroid.

In normal humans, the synthesis and secretion of thyroid hormones are
controlled by a feedback mechanism involving the production of thyroid
stimulating hormone (TSH) by the anterior pituitary. Iodide levels in the thyroid
also play a role in the control of thyroid hormone levels. TSH causes the thyroid
to initiate new hormone synthesis. Its production in the pituitary gland responds
to blood levels of T3 and T4. When circulating levels of T3 and T4 decrease, the
production of TSH in the pituitary increases. Increased levels of circulating T3
and T4 lead to decreased pituitary production of TSH. In vitro studies of iodide
transport in sheep thyroid tissue slices (Wolff and Maurey, 1962) and
phospholipid vesicles (Saito et al., 1983) have confirmed that perchlorate
competitively inhibits iodide transport into the thyroid. A summary of the
human studies of perchlorate is presented in Table 1.
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1 Table 1. Human Studies of Perchloratv

IIg

Study

Stanbury and
Wyngaarden
(1952)

Connell (1981)

Godleyand
Stanbury
(1954)

Crooks and
Wayne (1960)

Morgan and
1 Trotter (I960)

Hobson
(1961)

Johnson and
Moore (1961)

Duration/
Number of

Subjects
Single dose

3 subjects

22 years
1 subject

28 weeks
24 subjects

unknown
duration
35 subjects
165 subjects
10 subjects
40 subjects
2-3 weeks
180 subjects
67 subjects

33 weeks
1 subject
3 months
1 month
1 subject

Doses
mg/kg-day

0
0.04
0.14
1.4 LOAEL

3 LOAEL

0
8.6 LOAEL

8.6 LOAEL
14
21
28

6-14 LOAEL
17-28

9-11 hKL

14htL
9 PEL

Effects

Release of iodine trom
thyroid. Inhibition of
iodine uptake by thyroid

No adverse effects with
clinical control of
hyperthyroidism

Gastrointestinal irritation
in 2/24 patients.
Decrease of iodine
uptake by thyroid
Skin rash, nausea at 8.6-
14. Also
agranulocytosis at 21

Skin rash, sore throat,
GI irritation,
lymphadenopathy (3% in
low dose, 18% in high
dose)
Fatal apiasuc anemia

fatal apiasuc anemia

Notes

Graves'
disease
patients.

Graves'
disease
patients

Graves'
disease
patients

Graves'
disease
patients

Graves'
disease
patients

Graves'
disease
patients
Graves'
disease
patients

Uncertainty
Factors

3L
3S
3H
3D

100
3L
3H
3D

30

RW 1
mg/kg-day

lb-2

IE-1

i
*NA

'NA 1

-NA

•NA

-NA

•o
8

s?e,
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Study

Fawcett and
aark(1961)

Krevans et al.
(1962)

Gjemdal
(1963)

Barzilaiand
Sheinfeld
H966)
Burgi et al.
(1974)

Brabant et al.
(1992)

Duration/
Number of
Subjects

6 months
2 months
1 subject
2 weeks
10 weeks
4 months
1 subject
4 months
1 subject

2 months
2 subjects

8 days
5 subjects

4 weeks
5 subjects

Doses
mg/kg-day

9 FEL
6 FEL

11 FEL
9 FEL
6 FEL

6-9 FEL

14 FEL

9.7 LOAEL

12 LOAEL

Effects

Fatal aplastic anemia

Fatal aplastic anemia

Fatal aplastic anemia

Fatal aplastic anemia and
fatal agranulccytosis

Release of iodine from
thyroid

Decrease in thyroid
iodine concentration,
free T4, thyroglobulin,
andTSH (Follow up
study shows increase
thyroid volume at same
dose)

Notes

Graves'
disease
patients
Graves'
disease
patients

Graves'
disease
patients
Graves'
disease
patients
Healthy
volunteers

Healthy
volunteers
pretreated with
iodine for 4
weeks before
perchlorate
exposure

Uncertainty
Factors

3L
3S
10H
3D

300

KfD
mg/kg-day

•NA

'NA

*NA

•NA

3E-2

Table is ordered in roughly increasing dose.

Note a: This may not be an appropriate study on which to base an RfD because the doses arc within the range of those that cause frank
effects in Graves' patients. However, this frank toxicity may be caused by susceptibility unrelated to perchlorate exposure. See text
for discussion.
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2.1.1.1 Studies in Patients with Graves' Disease

Potassium perchlorate has been used to treat Graves' disease in humans and
most of the data on perchlorates effects on humans are in patients with this
disease. Graves' disease is an autoimmune disorder in which patients carry
immunoglobulins in their blood which bind to the TSH receptors on thyroid cells
and act like TSH to stimulate DNA synthesis and cell divisions leading to a
hyperthyroid state. Symptoms of the disease include increased synthesis and
secretion of iodide containing hormones into the blood by the thyroid gland,
thyroid gland enlargement, increased basal metabolism and loss of weight.
Perchlorate inhibits the excessive synthesis and secretion of thyroid hormones by
inhibiting the accumulation of iodide in the thyroid.

Stanbury and Wyngaarden (1952) evaluated perchlorate in patients with
Graves disease and found that perchlorate caused the discharge of iodine
accumulated in the thyroid and blocked the uptake of iodine into the thyroid.
Within 30 minutes of administration, a single dose of 100 mg potassium
perchlorate caused the nearly complete release (-80%) of I from the thyroids
of 8 Graves' disease patients previously treated with tracer amounts of I' ' and 1-
methyl-2-mercaptoimidazole (MMIA)*. A single dose of 10 mg perchlorate
appeared to cause about a 50% release of accumulated iodine and the authors
reported that perchlorate doses as low as 3 mg caused detectable, but incomplete,
release of iodide from the thyroid (data for doses less than 10 mg were not
presented). In addition, Stanbury and Wyngaarden (1952) reported that the
uptake of tracer levels of I131 into the thyroid glands of patients with Graves'
disease was markedly inhibited for as long as 6 hours when 100 mg of potassium
perchlorate was given orally 1 hour prior to administration of the tracer.

' l-methyl-2-mercaptoimidazole (MMIA) is an antithyroid agent that inhibits incorporation of iodide
into thyroid hormone molecules. Pretreatment with MMIA ensured that any I111 accumulated in the
thyroid was not used to produce thyroid hormone.
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Inhibition of iodine occurred both in two patients treated with MMIA and three
patients without MMIA treatment.. The authors state that no toxic effects were
encountered in any of these patients who were given no more than three doses for
a total of not more than 600 mg potassium perchlorate. . This study identifies a
definitive LOAEL of 1.4 mg/kg/da/ for complete release of iodine from the
thyroid. Since it is not clear what degree of iodine release constitutes an adverse
effect, we have not designated a NOAEL for this study.

Godley and Stanbury (1954) report using potassium perchlorate to treat 24
patients with Graves' disease. Patients were treated with 600-1200 mg/day for at
least 11 weeks and as long as 45-52 weeks. Two patients developed
gastrointestinal problems that were assumed to be due to perchlorate treatment.
In one patient, these effects occurred at 600 mg/day, but the dose which the other
patient received is not specified. Other side effects of antithyroid agents, such as
hematological changes, liver damage, or skin rash, were not observed. This study
suggests a LOAEL of 9 mg/kg/day.

Crooks and Wayne (1960) observed one case of skin rash and three cases of
nausea (2%) among 35 patients treated with 600 mg/day (9 mg/kg/day) and 165
patients given 1,000 mg/day (14 mg/kg/day). In another group of 10 patients
given 1500 mg/day (21 mg/kg/day) and 40 patients given 2000 mg/day (29
mg/kg/day), five cases of skin rash, two cases of nausea and one case of
agranulocytosis occurred (16%). Leukocyte counts returned to normal in the
patient with the agranulocytosis when perchlorate treatment was stopped. The
length of treatment in unclear but appears to have been up to 22 weeks. The
authors report the "time to cure" for perchlorate of approximately 9 weeks. The
authors also report 1 of 12 infants bora of mothers given 600 to 1000 mg/day,
was bora with a very slightly enlarged thyroid which returned to normal size in
six weeks; no other abnormalities were noted. This study defines a LOAEL
between 9 and 14 mg/kg/day.

Morgans and Trotter (1960) reported that 3% of 180 patients treated with
400 to 1,000 mg/day (6 to 14 mg/kg/day) potassium perchlorate and 18% of 67
patients treated with 1,200 to 2,000 mg/day (17 to 29 mg/kg/day) displayed a
variety of adverse reactions including skin rash, sore throat, gastrointestinal
irritation and lymphadenopathy. Reactions occurred within 2-3 weeks of drug
administration. This study defines a LOAEL between 6 and 14 mg/kg/day.

b Unless otherwise indicated, for human studies in which the actual body weight of the subjects was
not reported, the dose in mg/kg/day was calculated assuming a body weight of 70 kg. Thus a dose of
100 mg/day * 70 kg is 1.4 mg/kg/day.
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Connell (1981) reported a case study of a single Graves' disease patient
who was treated with potassium perchlorate at 200 mg/day (3 mg/kg/day) for 22
years without any indication of adverse side effects. This dose level provided
sufficient clinical control of the hyperthyroidism.

Between 1961 and 1966, the occurrence of severe hematological side
effects in patients receiving long-term potassium perchlorate treatment for
Graves' disease led to a decreased use of potassium perchlorate as a therapeutic
agent. Several authors (Hobson, 1961; Johnson and Moore, 1961; Fawcett and
Clark, 1961; Krevans et al., 1962; and Gjemdal, 1963) report case studies where
a single patient suffered fatal aplastic anemia after treatment with doses ranging
from 6 to 14 mg/kg/day. The duration of treatment ranged from 3 months
(Johnson and Moore, 1961) to 8 months (Hobson, 1961). In all cases, patients
were started out at the high end of the treatment range for a period of time and
then were reduced to the lower end of the treatment range after the appearance of
side effects. In two cases (Hobson, 1961 and Gjemdal, 1963) patients had co-
exposures to other drugs. Other case reports are available which report nonfatal
agranulocytosis in patients treated with 14 mg/kg/day for 12 days (Southwell and
Randall, 1960) or 3 months (Sunar, 1963). Barzilai and Sheinfeld (1966) report
that 11 % of 76 patients developed leukopenia or other unspecified side effects
after treatment with 1,000 mg/day (14 mg/kg/day) for as little as 2 months.
Within this group, there was one case of fatal aplastic anemia and one case of
fatal agranulocytosis. These studies indicate that doses in the range of 6 to 14
mg/kg/day represent a frank effect level (PEL) inpatients with Graves' disease.
There is no information to suggest that humans without Graves' disease would
have a similar reaction to perchlorate (See Section 2.1.1.3).

2.1.1.2 Studies in Normal Humans

Far fewer data are available to demonstrate the effects of perchlorate in
normal, healthy individuals. In the available studies, exposure to perchlorate was
short - just a few days to 4 weeks. Burgi et al. (1974) examined the effects of
perchlorate on the secretion of endogenous iodine by the normal human thyroid
gland. Five healthy volunteers received tracers of I -iodide and I13l-thyroxine
for 17 days followed by 600 mg/day perchlorate (9.7 mg/kg/day, based on actual
reported average body weight of 61.8 kg) perchlorate for 8 days. Urine and
serum were analyzed for I and I131 to determine if perchlorate can cause the
discharge of endogenous as well as exogenous iodide from the thyroid. Results
show that this dose of perchlorate was sufficient to completely block iodide
uptake by the thyroid. In addition, perchlorate caused a 65% increase in
excretion of non-thyroxine iodine over background. The authors attributed this
increase to additional secretion of endogenous iodide from the thyroid.
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Treatment with carbimazole plus perchlorate caused a further increase in the
secretion of non-thyroxine iodine, suggesting that perchlorate causes only a
partial, not complete, release of endogenous iodide. This study defines a minimal
LOAEL of 9.7 mg/kg/day.

Brabant (1992) administered potassium perchlorate to healthy volunteers
as a means to study changes in TSH concentration and release in response to a
decrease in iodine supply to the thyroid. During the first 4 weeks of the study,
the volunteers were given 200 ug/day iodine. After iodine supplementation was
discontinued, the volunteers were orally administered 900 mg/day of potassium
perchlorate for four weeks to induce a state of iodine depletion. At the end of the
4-week perchlorate treatment, levels of thyroid hormones were measured.
Although perchlorate treatment had no effect on thyroid volume or levels of T3
and T4, intrathyroidal iodine concentration was significantly decreased, serum
levels of TSH were significantly decreased, and serum levels of thyroglobulin
were almost doubled. The authors speculate that the decrease of TSH, which is
opposite of the expected response, may be an early adaptive mechanism to the
iodine deficiency induced by perchlorate. They suggest that early in iodine
deficiency, the thyroid becomes more sensitive to TSH, creating a feedback
mechanism that decreases TSH levels. Only as iodine deficiency becomes more
prolonged do TSH levels increase. This study defines a LOAEL of 13 mg/kg/day
for thyroid effects.

In a follow up study, Brabant (1994) repeated his studies with perchlorate
treatment longer than 4 weeks. As a result of the longer treatment, thyroid
volumes increased in all subjects, although TSH levels did not increase.

2.1.1.3 Role of Perchlorate in Autoimmunity and Hematological Effects

Treatment of Graves' disease patients with perchlorates has resulted in
serious hematological effects in a small number of people. These effects include
fatal aplastic anemia and agranulocytosis as well as less serious effects including
reversible agranulocytosis, lympadenopathy, and leukopenia. Skin rash has also
been frequently reported as a side effect of perchlorate treatment and may be
related to the effects of perchlorate on the hematological system. For risk
assessment purposes, several questions regarding the relationship between Graves'
disease patients and normal humans must be answered.

• Will perchlorate have the same hematological effects in normal humans after
prolonged exposure?
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• Are Graves' disease patients uniquely sensitive to the hematological effects of
perchlorate?

• By what mechanism does perchlorate cause hematological effects and are these
effects related to perchlorate's effect on the thyroid?

The development of aplastic anemia is highly variable in the population and
related to individual susceptibility. The data suggest that the altered immune
function of Graves' disease patients renders them uniquely susceptible to these
types of hypersensitiviry reactions.

As described above, Graves' disease is an autoimmune disease in which
patients carry autoantibodies to thyroid tissue which mimic TSH stimulation.
Although cells from Graves' patients have an increased prevalence to express
certain HLA (major histocompatibility complex) antigens (Robbins, 1979;
Holland et al., 1991), Graves' disease is thought to be mediated by altered
function of activated T lymphocytes (Holland et al., 1991; Panayi, 1995). Most
Graves' patients have a lymphocytic infiltrate of the thyroid (Robbins, 1979).
Holland et al. (1991) report the development of Graves' disease in a male patient
eight years following a bone marrow transplant from his sister who had Graves'
disease. The clinical findings support a role for circulating lymphocytes in the
initiation of the disease.

While Graves' disease is the product of disrupted immune function, there is
also evidence that hyperthyroidism itself alters immune function. In animals,
hyperthyroidism results in diminished suppressor T cell function (Wenzel and
Lente, 1984). In addition, Graves' disease patients in whom hyperthyroidism was
not in control had decreased T cell counts but Graves' patients in whom
hyperthyroidism was under control had normal T cell counts (Wenzel and Lente,
1984). Thus, it seems probable that thyroid hormone levels alter lymphocyte
populations and properties. Also, patients with Graves' disease are likely to be
more susceptible to idiosyncratic reactions to compounds which act on the
immune system.

Antithyroid drugs appear to exert their effects on the hematopoietic system
through an immune mechanism. Wing and Fanrus (1987) reviewed the adverse
effects of two antithyroid drugs, propylthiouracil and methimazole, and
concluded that most reactions were related to immunologic effects of these drugs.
They noted that skin rash and granulocytopenia were among the most commonly
reported adverse effects of these drugs. Less commonly reported effects include
aplastic anemia, leukopenia, and antibodies to insulin and glucagon. In fact, Wing
and Fantus (1987) recommend that patients be instructed to report skin rash
immediately as this may be an early sign of adverse immune reaction caused by

Toxicology Excellence for Risk Assessment 19 February 1997



Reference Dose (RfD) for Perchlorate Peer Review Draft

the antithyroid drugs. Although these authors did not include perchlorate in
their investigation, the similarity of the effects seen after perchlorate treatment,
including rash, leukopenia, agranulocytosis, and aplastic anemia, suggest that
perchlorate may also act to induce an immune effect in a similar fashion.

There is a tight functional connectivity between the immune and endocrine
systems, which is mediated, at least partly, by shared receptors and mediators
among the systems (Kammuller, 1995). Thus, although the mechanism of
perchlorate action on the hematopoietic system is not known, it is likely to be an
immune reaction. Although it is possible that perchlorate may cause the
hematological effects in normal humans, it appears that Graves' patients are likely
to be more sensitive to this type of immune-induced adverse effect than normal
humans. The underlying abnormal immunologic function in Graves' disease
makes these patients more sensitive to immunologic challenges.
Immunoreactiviry to antithyroid drugs is another expression of the abnormal
immune system in these patients (Wall et al., 1984; Wing and Fantus, 1987).
Thus they are expected to have drug allergies with increased frequency (Wall et
al., 1984).
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2.1.2 Toxicity Data in Animals

Both short-term and long-term studies in animals have evaluated the effects
of perchlorate on the thyroid. These studies established LOAELs at high doses,
and they generally did not examine tissues and systems other than the thyroid.
The long-term studies demonstrate that continual disruption of the thyroid-
pituitary axis by perchlorate will result in the development of thyroid rumors.c
A summary of the animal studies of perchlorate is presented in Table 2.

2.1.2.1 Short-term and Subchronic Studies

Mannisto et al. (1979) measured serum levels of TSH, T3 and T4 by
radioimmunassays in groups of 5-6 male Sprague-Dawley rats weighing 180-220
grams who were exposed to potassium perchlorate in their drinking water at
concentrations of 0, 10, 50, 100, or 500 mg/L for four days. Potassium
perchlorate doses of 0, 1.5, 7.6, 15.3, and 76.3 were calculated assuming a body
weight of 0.2 kg and a water consumption rate of 0.0305 L/day (U.S. EPA,
1987). Perchlorate produced statistically significant increases in serum TSH
levels and decreases in serum T3 and T4 levels. Significant changes in all three
parameters were measured in the 100 and 500 mg/L (15.3 and 76.3 mg/kg/day)
dose group. In the 50 mg/L (7.6 mg/kg/day) dose group levels of T3 and T4
were significantly decreased; TSH levels were sb'ghtly increased, but the increase
was not significant. At the low dose, T3, T4, and TSH levels were unchanged
from controls. This study identifies a NOAEL of 1.5 mg/kg/day and a LOAEL
of 7.6 mg/kg/day.

Caldwell et al.(1996) administered ammonium perchlorate in drinking
water at concentrations of 0, 1.25, 5.0, 12.5, 25, 50, 125, or 250 mg/L to
Sprague-Dawley rats (6/sex/group) for 14 days. The authors calculated the
corresponding doses to be 0, 0.11, 0.44, 1.11, 2.26, 4.32, 11.44, and 22.16
mg/kg/day for males and 0, 0.12, 0.47, 1.23, 3.06, 4.91, 11.47, and 24.86
mg/kg/day for females. Thyroid weights were measured and thyroid hormone
levels were measured using a radioimmune assay technique. Relative thyroid
weights were statistically significantly increased in the two highest dose groups
compared with controls. Thyroglobulin levels and TSH increased in both male
and female rats in a dose-dependent manner. The TSH increase was statistically

c Because this assessment concerns the non-cancer effects of perchlorate, the findings of tumors in the
long-term animal studies are not reported or evaluated. According to U.S. EPA's thyroid cancer
policy, the development of thyroid cancer after continual disruption of the thyroid-pituitary axis is
considered to be by a threshold mechanism. The implications of this policy for quantitative risk
assessment of perchlorate are discussed in Section 2.2.2.
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Table 2. Animal Studies of Perchlorate*

N>
to

I3
5
»*g

Study

Kesslerand
Kruskemper
(1966)
Pajer and
Kalisnik
(1991)

Shigan
(1963)

Gauss
(1972)
Hiasa et al.
(1987)

Caldwell et
al. (1996)

Species
(n)

MaleWistar
rat
(6-8/group)

Balb/cmice
(36/group)

Rabbits,
Rats
(# and sex
not
specified)
Rabbits,
Rats
(# and sex
not
specified)
Female
NMRImice
Male Wistar
rats
(20/group)
Male
Sprague-
Dawley rats
(6/group)

Duration

2 years

46 weeks

y months

3 months

160 days

20 weeks

14 days

Doses
mg/kg-day

0 (water)
1339 LOAEL

0 (water)
2147 LOAEL

0 (water?)
0.25 NOAEL
2 LOAEL
40

0 (water)
190 LOAEL

0 (diet)
2011 LOAEL
0 (diet)
81 LOAEL

0 (water)
0.11, NOAEL
0.44 LOAEL
1.11
2.26
4.32
11.44
22.16

Effects

Increased absolute and relative
thyroid weight Follicular cell
hyperplasia
Increased thyroid volume,
pituitary TSH, histopathologic
changes in thyroid. Follicular
cell carcinoma
Increased secretion of iodine
from thyroid; no effects on
other organs

Changes in cardiac electrical
activity and liver function

Increased thyroid volume and
histological changes to thyroid
Increased absolute and relative
thyroid weight serum TSH.
Decreased serum T4
Increased relative thyroid
weight, increased TSH and
thyroglobulin, decreased T/T4

Notes

No tissues other than thyroid
examined

No tissues or organ systems
other than thyroid examined

Other ettects examined were
cardiac electrical activity, liver
function, and conditioned
reflexes. «

Study not well enough
reported or translated to be
useful for risk assessment

No effect on body or liver
weight No other parameters
examined. No histopathology.
No other tissues or organs
examined
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Study

•

Mannisto ft
al. (1978)

Brown-
Grant
(1966)

Brown-
Grant and
Sherwood
(1971)
Posiel
(1957)
* Table is ord

Species
(n)

Female
Sprague-
Dawleyrats
(6/group)

Male
Sprague-
Dawleyrats
(5-6/group)

Female
Wistarrats
(1 I/group)

Female
Wistarrats
(10/group)

Female
guinea pigs

Duration

14 days

4 days

gestation
days 2-8

gestation
day 0 to
12/13

gestation
day 21-48

Doses
mg/kg-day

0 (water)
0.12 LOAEL
0.47
1.23
3.06
4.91
11.47
24.86

0 (water)
1.5 NOAEL
7.6 LOAEL
15.3
76.3
0 (water)
63
246

1% in water
LOAEL

0 (water)
740 LOAEL

Effects .

Same ettects as in males.
Females are more sensitive.

increased TSH and decreased
T/T4

None

Decreased number of dams
with implantation sites,
increased maternal and pup
thyroid weight
Increased letal thyroid weight

Notes

No other tissues or organs
examined

No other endpoints examined;
no histopathology.

Developmental effects and
maternal toxicity not
evaluated. Onlyendpoint
examined was the number of
live litters.
No untreated controls

Fetuses were not examined for
other developmental effects

red in roughly decreasing exposure duration. t
*-

6
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significant at the 0. 47 mg/kg/day dose for females and at the 1.11 mg/kg/day
dose for males. Both T3 and T4 showed statistically significant decreases;
however, the T4 effect did not show a dose relationship. For T3, the decrease
was statistically significant at the lowest dose, 0.12 mg/kg/day, in females and at
the 0.44 mg/kg/day dose level in males. This study suggests that female rats are
more sensitive than male rats to the effects of perchlorate. This study defines a
LOAEL in females of 0.12 mg/kg/day. The same dose in males is a NOAEL.

Shigan (1963) administered 190 mg/kg/day in water to rabbits and white
rats (number, sex and strain not identified) for 3 months. The author does not
indicate if the compound was administered in drinking water or gavage with
water. The animals were examined for cardiac function, liver function based on
changes in serum proteins, immune function based on leukocyte phagocytosis, and
adrenal function. Perchlorate at the dose tested caused a change in the EKG and a
decrease in serum proteins indicating a disruption of the glycogen -forming
function of the liver. The authors do not indicate if these changes were observed
in both rabbits and rats. Perchlorate had no effect in the remaining tests. This
study suggests a LOAEL of 190 mg/kg/day; although the study is incompletely
reported and/or translated, limiting its usefulness for risk assessment.

In a second set of experiments, Shigan (1963) also treated rabbits and white
rats (number, sex, and strain not identified) with 0, 0.25, 2, and 40 mg/kg/day of
potassium perchlorate for 9 months. The medium for dosing was not reported.
The animals were examined for cardiac function, liver function, and conditioned
reflexes. In addition, uptake and discharge of iodine by the thyroid was
examined. In the two highest dose groups, there was a statistically significant
increase in the amount of iodine excreted from the thyroid; this increase was not
observed in the 0.25 mg/kg/day dose group. The study does not indicate if the
effect was seen in one or both species tested. This study suggests a NOAEL of
0.25 mg/kg/day and a LOAEL of 2 mg/kg/day for thyroid effects.

Hiasa et al. (1987) measured serum levels of T3, T4, and TSH by
radioimmunassay in groups of 20 male Wistar rats administered 0 or 1,000 ppm
potassium perchlorate in the diet for 20 weeks. Assuming a body weight of 0.34
kg (the average final body weight of rats treated with perchlorate alone) and a
food consumption rate of 27.4 g/day (U.S. EPA 1987), an estimated dose of 80.7
mg/kg/day can be calculated. Absolute and relative thyroid weights were
significantly increased compared with controls in perchlorate treated rats. No
effects were seen on liver weights. T4 levels decreased slightly, but the decrease
was not statistically significant. T3 levels were unchanged compared with
controls. TSH levels were statistically significantly increased compared with
controls. Histological exam of the thyroid revealed diffused small follicles in
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perchlorate treated rats and 1 case of follicular hyperplasia. The 80.7 mg/kg/day
dose is a LOAEL.

Gauss (1972) fed female NMRI mice a diet containing 0 or 1 % potassium
perchlorate for up to 160 days. Mice were between 50 and 60 days old at the
beginning of treatment and weighed between 19 and 28 grams (average of 23.23
g). During the first two months of treatment, body weights increased about 12%;
body weight data for longer treatment periods were not reported. Assuming a
body weight of 23 g and a food consumption value of 4.625 g/day (U.S. EPA
1987), a dose of 2,011 mg/kg/day can be calculated. Thyroid glands were
examined histologically at 10-20 day intervals through the 160 days. Thyroid
volume, nuclei volume and height of epithelial follicles were increased in treated
mice throughout the treatment period compared with controls. The English
translation summary of the histological examinations described a progressive
change in the histological appearance of the thyroid of treated mice, beginning
with colloid loss, nuclei volume expansion and rising epithelium height, followed
by the appearance of hyperplasia and hypertrophy of the thyroid parenchyma. At
later stages of the treatment period, hyperplastic follicles, areas of adenomatic
tissue, adenoma complexes and secreting cystadenomas were observed. However,
no progression to malignancy was apparent. The 2,011 mg/kg/day dose is a
LOAEL.

2.1.2.2 Long-term Studies

Kessler and Kruskemper (1966) provided potassium perchlorate in
drinking water at a concentration of 0 or 1 % to male Wistar rats for 2 years.
Body weights and thyroid weights were reported for groups of 6-8 rats sacrificed
after 0, 40, 120, 220, and 730 days of treatment. Thyroid glands from the
animals were examined histologically. Using body weight data provided in the
report to calculate a time-weighted average body weight of 0.336 and using an
estimated water consumption of 0.045 L/day [calculated with the allometric
equation recommended by U.S. EPA (1987)], a dose of 1339 mg/kg/day is
derived. Body weights of control and treated animals were comparable
throughout the experiment. In contrast, thyroid weights (both relative and
absolute)were markedly increased in treated rats compared with controls at each
examination interval. Histological examination of thyroids from treated rats at
40 days revealed follicular cell hyperplasia.d The authors characterized these
changes as typical for a thyroid gland stimulated by TSH for a relatively short
period of time. After 200 days of perchlorate treatment, diffusely degenerative

4 Follicular cell hyperplasia is defined by small follicle with high epithelia and large nuclei,
numerous mitoses, colloid resorption and low-grade mesenchymal reaction.
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changes with fibrosis and increased colloid were observed. The authors
commented that the course of the histological changes in the thyroid was similar
to that produced by long-term administration of thiouracil, another antithyroid
agent. The authors further reported that four of eleven rats treated with
potassium perchlorate for 2 years displayed benign tumors of the thyroid gland
and that 20 untreated Wistar control rats displayed no thyroid gland tumors. The
1,339 mg/kg/day dose is a LOAEL.

Pajer and Kalisnik (1991) administered 0 or 1.2% sodium perchlorate in
drinking water to groups of 36 female BALB/c mice (12/group) for up to 46
weeks. Eight or 12 weeks after the beginning of the experiment, one group of
treated and control mice were totally irradiated with 0.8 Gy on 5 consecutive
days, at a dose rate of 1.45 Gy/minute, so that each mouse received a total of 4
Gy. Assuming a body weight of 0.0353 kg and a water consumption rate of
0.0063 L/day (U.S. EPA 1987), a dose of 2147 mg/kg/day can be calculated.
Thirty animals died during the experimental period although details about the
cause of death were not provided. Forty-two animals were sacrificed at 46 weeks
for histological examination of the thyroid and pituitary. No other tissues were
examined. Obvious treatment related histological changes were observed in the
thyroid and pituitary, including thyroid follicular cell carcinoma.
Immunoperoxidase staining of pituitary thyrotropic cells with antihuman TSH
serum provided qualitative evidence of increased TSH production in the pituitary.
Perchlorate treatment was associated with increased total volume of the thyroid
gland and the distal parts of the anterior pituitary (adenohypophysis). In
addition, increased average volume and increased numbers of epithelial,
thyrotropic and parafollicular cells was observed. Irradiation appeared to
enhance the effects of perchlorate treatment. This study identifies a LOAEL of
2147 mg/kg/day for thyroid effects.

2.1.2.3 Developmental/Reproductive Toxicity Studies

Brown-Grant (1966) examined perchlorate for its effects on pregnancy in
rats. Potassium perchlorate at a 1% solution in drinking water was administered
to pregnant Wistar rats from day 2 to day 8 of gestation. Average doses were
reported to be 237 mg/rat/day which is equivalent to 741 mg/kg/day assuming a
body weight of 0.32 kg (U.S. EPA, 1987). Birth of a live litter occurred in 8/11
treated dams compared with 7/11 of potassium chloride treated control dams.
Examination of fetuses for developmental defects was not conducted. Neither the
perchlorate treated dams nor the KC1 controls which did not give birth displayed
any visible sign of implantation in their uteri. The author concluded that 1%
potassium perchlorate in the drinking water had no effect on the course of
pregnancy in rats. This study identifies a free standing NOAEL of 741
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mg/kg/day; although, in the absence of examination of fetuses this judgment is
tentative.

Brown-Grant and Sherwood (1971) administered 1% potassium
perchlorate or 0.1% potassium iodide in drinking water to pregnant Wistar rats
that were also lactating. Administration began on day 0 of pregnancy and
continued until day 12 or 13. Non-lactating pregnant rats were provided with
0.1% KC1 or KI by similar protocol. Untreated controls were not included in the
experiment. The suckling litters were removed on days 9 or 10 and all dams
were killed on day 12 or 13 and examined for the number of implantation sites.
There was 100% incidence of dams with implantation sites for all groups but the
perchlorate treated group in which 70% of the dams had implantation sites. The
number of implementation sites per dam was comparable for all groups. Thyroid
weights in the perchlorate treated dams appeared to be increased compared with
the chloride or iodide treated dams. Also, thyroid weights of the offspring of
perchlorate treated dams was increased compared with offspring from iodide
treated dams. The authors concluded that treatment with potassium perchlorate
had no significant effect on blastocyst survival or the ability to implant under
conditions delaying implantation (i.e., concurrent lactation). This study defines a
LOAEL of « 740 mg/kg/day (assuming body weights and water intakes were
similar to those in Brown-Grant, 1966) for both maternal and fetal thyroid
effects.

Postel (1957) reported that administration of 1% potassium perchlorate in
drinking water to pregnant guinea pigs during gestation days 21 through 48
produced enlarged thyroids in the fetuses compared with thyroids of control
fetuses. In contrast, perchlorate treatment did not have any effect on the
thyroids in dams. Enlarged fetal thyroids also occurred when perchlorate
treatment was accompanied by daily subcutaneous treatment with T3 doses as
high as 32 ug/kg/day. From water intake and body weight data, the authors
calculated an average daily dose to the dams of 740 mg/kg/day. The fetuses were
not examined for other developmental effects. In a separate experiment, 0 or 1%
potassium perchlorate was administered to nonpregnant female guinea pigs for
30, 60, or 90 days. Thyroid enlargement and hyperplasia were apparent in
treated animals after 60 or 90 days of treatment. This study identifies a LOAEL
of 740 mg/kg/day for fetal thyroid enlargement.

2.2 Characterization of Hazard of Perchlorate

In both humans and animals, perchlorate acts to competitively inhibit
iodide accumulation in the thyroid thereby inhibiting the production of iodide-
containing thyroid hormones. The short-term consequence of this action is a
response by the pituitary gland to produce TSH which in turn stimulates diffuse
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cell division and growth of the thyroid gland. Effects related to disturbance of
the thyroid-pituitary axis have been seen in studies in humans, both Graves'
patients and normal humans, and in both short-term and long-term studies in
animals. Thus, disturbance of the function of the thyroid-pituitary axis appears
to be the critical effect from exposure to perchlorate salts. Disturbance of the
thyroid-pituitary axis leads to both noncancer and cancer effects in both humans
and experimental animals.

2.2.1 Non Cancer

Experience with treatment of Graves' patients shows that repeated oral
administration of 200 mg doses taken 1 to 5 times per day (3 to 14 mg/kg/day)
were effective in inhibiting the excessive production of thyroid hormones and
controlling other aspects of hyperthyroidism (Connell, 1981; Godley and
Stanbury, 1954; Crooks and Wayne, 1960, Morgans and Trotter, 1960).
However, perchlorate within a dose range of 6-14 mg/kg/day also resulted in a
small number of fatal hematological effects in Graves' patients. In each of these
cases, patients were treated with perchlorate at the high end of the dose range
(i.e., 9 to 14 mg/kg/day) until hematological symptoms appeared; then patient's
dosage was reduced to the low end of the range (i.e., 6 mg/kg/day). Thus, the
threshold for these effects appears to be between 6 and 9 mg/kg/day. Because of
the serious nature of these effects, the low end of the dose range (6 mg/kg/day)
should be considered a Frank Effect Level (PEL).

The hematological effects of perchlorate appear to be a hypersensitivity
reaction unrelated to perchlorate's effects on iodine uptake and secretion by the
thyroid. The hematological effects of perchlorate may be mediated through an
immune reaction such as a drug-induced autoimmune response. Since Graves'
patients already have an unbalanced immune system, they are more susceptible to
the hematological effects of perchlorate (Wall et al., 1987; Wing and Fantus,
1987) and thus should be considered a sensitive subpopulation for these effects.

In addition to being a sensitive population for the hematological effects of
perchlorate, it has also been suggested that Graves' disease patients are the
sensitive population for perchlorate's effects on iodine balance in the thyroid.
Because the thyroids of Graves' disease patients are continually stimulated by
antibodies which stimulate the TSH receptor, they have essentially unregulated
iodine uptake. Endocrine experts have suggested that it is plausible to assume that
Graves' patients will be more sensitive to the iodine blocking effects of
perchlorate than normal humans (Capen, 1996; Fagin, 1996). No data are
available to identify a mechanism for this phenomenon. The same phenomenon is
likely to be observed in people who are iodine deficient; because their thyroids
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are also under constant stimulation, they are expected to be as sensitive to
perchlorate as Graves' disease patients (Capen, 1996; Fagin, 1996). Conversely,
people who are hypothyroid are likely to be less sensitive to perchlorate.

Two short-term studies in normal humans support the conclusion that the
target organ for perchlorate is the thyroid. Healthy volunteers dosed with 9
mg/kg/day for 8 days (Burgi, 1974) or 12 mg/kg/day for 4 weeks (Brabant 1992,
1994) both experienced a decrease in the intra-thyroidal iodide concentration of
65% and 25% respectively. A short-coming of the Brabant studies is that the
volunteers were pretreated with iodine for 4 weeks prior to perchlorate
treatment. It is likely that this iodine loading affected the response to
perchlorate.* There are no studies in normal humans which demonstrate the
effects of perchlorate after long-term treatment.

Animal data support the conclusion that perchlorate affects the thyroid-
pituitary axis. Both short- and long-term studies found effects such as decreased
T3 and T4 levels, increased TSH levels, secretion of iodine from the thyroid, and
increased thyroid weights (both relative and absolute). A short-coming of the
animal database is that there are few studies adequate for risk assessment which
examined any tissues or systems other than the thyroid. One study, Shigan (1963)
appeared to examine cardiac and liver function in addition to thyroid function.
However, either because of inadequate reporting or translation from Russian,
very little information is available about the methods used or the results
obtained., making this study unsuitable for risk assessment purposes. Therefore,
the database does not completely rule out the possibility that perchlorate has
effects on systems other than the thyroid after long-term treatment.

2.2.2 Cancer

A convincing body of evidence suggests that long-term interference with
the thyroid-pituitary axis can lead to thyroid follicular cell neoplasia. This
phenomenon has been the subject of extensive review (Hill et al., 1989) and is
summarized below. As described in Section 2.1, TSH stimulates the thyroid
follicular cells to synthesize T3 and T4, which in turn inhibit the synthesis of
additional TSH. Thus, high plasma levels of T3 and T4 reduce the amount of
TSH produced and low levels increase the amount of TSH produced. If thyroid
hormones are not produced in response to TSH, plasma levels of TSH remain

' According to Godley and Stanbury (1954), "No patient failed to respond [to perchlorate therapy]
in time, but several responded slowly. One of these was receiving large doses of iodine just before
perchlorate was begun. Presumably the thyroid of this patient was filled with iodine, which had to be
exhausted before a therapeutic effect could be achieved."
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high, resulting in an ongoing stimulation of the thyroid gland. This occurs
following every condition which interferes with these feedback mechanisms,
including iodine deficiency, thyroidectomy, or chemical disturbance.

A series of progressive morphological changes occurs in the thyroid in
response to prolonged elevated levels of TSH, regardless of the nature of the
stimulus causing TSH elevation (Hill et al., 1989). Initially thyroid weight
remains constant although there are significant changes in thyroid morphology
including resorption of colloid from the follicular cell lumen and increases in
cell volume and vascularity. With continued TSH stimulation, there is a rapid
increase in thyroid weight and size associated with follicular cell hyperplasia.
Ultimately with continued TSH stimulation, the diffuse hyperplasia progresses to
nodular proliferation of the follicular cells and eventually to benign and
malignant tumors. This progression is similar regardless of the cause of thyroid
insufficiency. Hill et al (1989) lists several conditions which can lead to this
progression of pathology including dietary iodine deficiency, blockage of iodine
into the thyroid, interference with thyroid hormone synthesis, suppression of
thyroid activity by high concentrations of iodine, enhanced metabolism of thyroid
hormones, and damage to the thyroid gland. It has been suggested that rats are
more sensitive to these effects of increased TSH. Rats cannot withstand a
sustained increase of TSH without developing tumors; just an initial rise in TSH
levels will have promoting effects (Capen, 1996).

From the foregoing discussion, it is apparent that thyroid cancer induced
by interference with thyroid -pituitary homeostasis is a threshold phenomenon.
In fact, U.S. EPA (1996) has adopted the policy that an assumption of a threshold
is appropriate for the dose-response assessment of chemicals which cause a
disruption of thyroid-pituitary homeostasis and do not have genotoxic activity
relevant to carcinogenicity. Perchlorate ion was cited repeatedly by U.S. EPA
(1996) as an example of a chemical known to disrupt thyroid-pituitary
homeostasis by acting directly on the thyroid.

The two long-term studies of perchlorate in animals (Kessler and
Kruskemper, 1966; Pajer and Kalisnik, 1991) demonstrated that perchlorate
induces follicular cell carcinogenesis. The snorter term studies (Gauss, 1972;
Hiasa et al., 1987) indicate that carcinogenesis is preceded by the morphological
changes typical of the progression induced by TSH stimulation described by Hill
et al. (1989). No genotoxicity studies were located in the literature, so it is not
possible to state with certainty that perchlorate does not have any genotoxic
activity relevant to carcinogenicity. However, perchlorate is so clearly acting to
disrupt thyroid-pituitary homeostasis that the assumption of a threshold for dose-
response assessment is appropriate. Therefore, the RfD developed in the
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following section is likely to be protective for both noncancer and cancer effects
of perchlorate.
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3. Dose Response Assessment
3.1 Choice of Critical Study

Because it is inappropriate to derive an RfD from a PEL, the clinical data
which define a PEL in the range of 6-14 mg/kg/day do not provide a suitable
basis for RfD derivation. For this same reason, the studies in normal humans,
which were also conducted at doses which are within the range of the PEL, are
also not suitable for RfD derivation. Only one long-term study in humans
reported patient response to a dose less than the range of the PEL. Connell
(1981) reported that a 22 year treatment with 3 mg/kg/day perchlorate effectively
controlled symptoms of hyperthyroidism without any adverse side effects.
However, this study is limited because only one case was reported.

The early experiments by Stanbury and Wyngaarden (1952), however,
examined the influence of acute doses of potassium perchlorate at lower dosage
levels. In these experiments, single 100 mg doses of potassium perchlorate (1.4
mg/kg/day) caused a complete release of iodide from the thyroid and prevented
the accumulation of subsequently administered iodide for about 6 hours. Single
doses as low as 3 mg potassium perchlorate (0.04 mg/kg/day) also produced a
detectable, but incomplete, release of iodide. Thus, 1.4 mg/kg/day appears to be
a definitive LOAEL for acute disturbance of iodide accumulation in the thyroid.
It is assumed for the purposes of RfD derivation that repeated exposure to 1.4
mg/kg/day would lead to a functional disturbance of the thyroid-pituitary axis,
including decreased synthesis of thyroid hormones and increased production of
TSH. Exposure to lower doses would insufficiently impair iodine accumulation
and would not disturb the function of the thyroid-pituitary axis.

This LOAEL is supported by the findings of the animal studies. In
Caldwell et al. (1996), T3 levels in female rats were significantly decreased by a
14-day exposure to 0.12 mg/kg/day. At a dose of 0.47 mg/kg/day an effect on
both T3 and TSH was observed, with T3 levels significantly decreased and TSH
levels significantly increased. In addition, Mannisto et al. (1979) reported a
NOAEL of 1.5 mg/kg/day and a LOAEL of 7.6 mg/kg/day based on decreased
T3/T4 and increased TSH after 4 days exposure to perchlorate.

3.2 Choice of Uncertainty and Modifying Factors
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The choice of uncertainty factors to be used with the appropriate critical
effect of perchlorate depends on the areas of uncertainty that exist given the
quality of the database.

3.2.1 Human Variability (H)

Do existing data account for sensitive individuals?

If yes, this suggests an uncertainty factor other than a default value of 10—
as low as a value of 1 in some instances [see for example, the description of the
uncertainty factor for nitrates on U.S. EPA's IRIS (1995) where a NOAEL of a
sensitive population was used as the basis of the RfDJ. Scientists familiar with
this area have considered this default factor to be composed of roughly equal
parts for toxicodynamic and toxicokinetic differences among humans. Some
recent work has attempted to quantify these distinctions (Renwick, 1993).

Perchlorate's critical effect in both humans and animals is disruption of the
thyroid-pituitary axis. Subpopulations who may be sensitive to this effect are
Graves' patients and people who are deficient in iodine intake (Capen, 1996;
Fagin, 1996). About an order of magnitude difference exists between normal
human LOAELs (9.7 and 13 mg/kg/day) compared with Graves' patients
LOAELs (1.4 and 3.0 mg/kg/day). These differences also suggest that the
Graves' patients in the Stanbury and Wyngaarden (1952) study represent a
sensitive population. Thus, a reduced factor appears warranted. Since the
critical study was conducted in sensitive individuals, we recommend a UFH of 3.

3.2.2 Inter-Species Variability (A)

Do existing data allow for a quantifiable extrapolation of animal dose to the
expected human equivalent dose for effects of similar magnitude? Or as is more
likely the case, for NOAELs?

If yes, this suggests an uncertainty factor other than a default value of 10—
with RiDs for example, a value of 3 is often used when dosimetric adjustments
are used in the determination of HEC [see U.S. EPA's IRIS (1995) for numerous
examples]. Scientists familiar with this area have also considered this default
factor to be composed of roughly equal parts for toxicodynamic and toxicokinetic
differences between experimental animals and humans, but also recognize that
some overlap with the uncertainty factor for intra-species variability exists.
Some recent work has also attempted to quantify these distinctions in general
(Renwick, 1993).
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Since human data are used as the basis of this RfD, this factor is not needed
(i.e., UFA = 1). However, data suggest that rats are more sensitive to the toxicity
of perchlorate than humans. Thus, if the rat LOAEL from Caldwell (0.12
mg/kg/day) or the rat NOAEL from Mannisto (1.5 mg/kg/day) are used as the
basis of an RfD, a reduced UFA might be warranted.

3.2.3 Subchronic-to-Chronic Extrapolation (S)

Do existing data allow for a quantifiable extrapolation of the critical effect
after subchronic exposure to that after chronic exposure? Will NOAELs of
different critical effects after subchronic and chronic exposure, differ
quantitatively?

U.S. EPA has occasionally used values less than 10 (nearly always 3-fold)
with less than chronic exposures when data were available to support such a
reduction [for example, see the RfD for arsine on U.S. EPA's IRIS (1995)].
Scientists familiar with this area also recognize that some overlap with this factor
occurs with the database uncertainty factor (see following discussion).

For perchlorate, the initial step in the progression to overt signs of toxicity
is the inhibition of iodine uptake by the thyroid and the discharge of unbound
iodine from the thyroid. Without this preliminary action of perchlorate, the
cascade of events that lead to altered thyroid function and morphology will not
occur. Therefore, short term assays that measure the initial step in the cascade of
effects are likely to be as accurate predictors of toxicity as chronic assays. Some
reduction in the default UFS of 10 seems reasonable, but a reduction to 1-fold is
not. Thus, a 3-fold factor was applied. This partial reduction is supported by the
Connell (1981) study which showed that a 22 year exposure to perchlorate in a
sensitive individual (a Graves' patient) did not result in any adverse effects.

3.2.4 Insufficient Database (D)

Do existing data allow for a reasoned judgment of likely critical effect,
given that any one toxicity study is unable to adequately address all possible
outcomes?

If data exist from at least five studies (two chronic standard toxicity
bioassays in different species, one two-generation reproductive bioassay and two
developmental toxicity studies in different species), an uncertainty factor of 1 is
applied. U.S. EPA has occasionally used values less than 10 (nearly always 3-
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fold) when data were available on several, but not all 5 studies [for example, see
the RfD for acetaldehyde on U.S. EPA's IRIS (1995)], and factors of 10
(generally) when data were only available from a single study. Scientists familiar
with this area also recognize that some overlap occurs with the subchronic to
chronic uncertainty factor (discussed previously). The general solution to this
problem when subchronic studies are available in two species, is to assign the
uncertainty to the subchronic to chronic factor, and not to the database factor.

For perchlorate, the database consists of a wealth of knowledge about the
long-term administration of perchlorate to patients with Graves' disease, chronic
studies in rats (Kessler and Kruskemper, 1966) and mice (Pajer and Kalisnick,
1991); short-term studies in normal humans (Burgi, 1974 and Brabant, 1992),
rats (Hiasa et al., 1987), and mice (Gauss, 1972); and acute studies in sensitive
humans (Stanbury and Wyngaarden, 1952) and rats (Mannisto et al., 1979 and
Caldwell et al., 1996). However, the chronic and subchronic studies are limited
by the fact that they generally only examined thyroid effects. There are also three
studies that examined the effects of perchlorate on dams during gestation, on
pregnancy outcome, and on fetal thyroid (Brown-Grant, 1966; Brown-Grant and
Sherwood, 1971; and Postel, 1957). These studies are limited because they did
not examine developmental effects other than thyroid effects. No
multigenerational studies are available. Thus, although there are a variety of
studies, the database is missing some elements, such that some factor is stiill
warranted. A UFD of 3 is reasonable.

3.2.5 LOAEL to NOAEL (L) Extrapolation

Do existing data allow for the use of a NOAEL, rather than a LOAEL for
the estimation of an RfD?

If a well-defined NOAEL does not exist, a factor of 10 is often used.
However, U.S. EPA has often used values less than 10 (nearly always 3-fold)
when data suggest that the LOAEL is for a minimally adverse effect, since the
hypothesized NOAEL would likely be closer to this LOAEL then to a LOAEL
with greater severity. For example, compare the RfDs for acrylonitrile and 1,2
epoxybutane on U.S. EPA's IRIS (U.S. EPA, 1996). The former RfD uses a 3-
fold factor with degeneration and inflammation of nasal respiratory epithelium;
the later RfD uses a 10-fold factor with more severe degenerative lesions of the
epitheb'um.

The principal study identifies a LOAEL (1.4 mg/kg/day) for a biochemical
endpoint that serves as a precursor to a presumed clinical disease (i.e.,
hypothyroidism) in normal individuals. At this dose, however, there are no overt
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signs of toxicity. Signs of toxicity in humans, including skin rash, gastrointestinal
problems, and increased thyroid volume, occur at dose levels of about 6
mg/kg/day or higher. Therefore, the LOAEL of 1.4 mg/kg/day appears to be a
minimal LOAEL which suggests that a full 10-fold UF for this area of
uncertaintyis not needed. A UFL of 3 is appropriate here.

3.2.6 Modifying Factor

A modifying factor is not considered necessary with this database. This is
because the outstanding uncertainties can be adequately addressed with the
standard factors. U.S. EPA only occasionally uses a modifying factor; for
example, see the RfD for methyl ethyl ketone on U.S. EPA's IRIS (1995). The
default value of 1 is appropriate for perchlorate.

3.2.7 Composite Uncertainty and Modifying Factors

The composite uncertainty factor to use with a given database for
developing RfDs is a case-by-case judgment by experts, and should be flexible
enough to account for each of the applicable five areas of uncertainty and any
nuances in the available data that might change the magnitude of any factor. U.S.
EPA describes its choice of composite UF and subcomponents for individual
assessments on its IRIS database (U.S. EPA, 1996). For perchlorate, the
recommended overall uncertainty factor is 100.

3.3 Determination of the RfD

Our proposed RfD is IE-2 mg/kg/day. This value is determined from the
following equation using parameters previously described.

RfD = (LOAEL) + (3H • 1A • 3, • 3D • 3L • IMF)

= 1.4 mg/kg/day - 100

= 0.014 mg/kg/day, rounded to IE-2 mg/kg/day.

where:

3H is a 10-fold factor, applied to account for the uncertainty inherent in the
differences in human sensitivity

Toxicology Excellence for Risk Assessment 36 February 1997



Reference Dose (RfD) for Perchlorate Peer Review Draft

1A, an interspecies UF was not needed.

3S is a 3-fold factor to account for the uncertainty in extrapolating from short-
term results to chronic exposure.

3D is a 3-fold factor to account for the uncertainty due to an incomplete database.

3L is the factor to account for extrapolation from a LOAEL to a NOAEL.

IMP, a modifying factor different than 1-fold was not needed.

3.4 Confidence in the RfD

Confidence in the critical studies is medium-to-low because these studies
examined only short-term manifestations of the perchlorate critical effect.
However, while Stanbury and Wyngaarden only examined the initial step in
disruption of the thyroid-pituitary axis (inhibition of iodide uptake by thyroid),
Caldwell et al. (1996) reported a further step in the critical effect, that is decrease
of thyroid hormone levels with accompanying increase in TSH. Confidence in
the database is medium-to-low. The effect of chronic exposure to low doses of
perchlorate has not been adequately examined in either normal humans or
animals. In addition, the database lacks adequate developmental and
multigenerational studies. Reflecting confidence in the principal studies and the
database, confidence in the RfD for potassium perchlorate is medium-to-low.
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Early Adaptation of Tbyrofropln and Thyrogtobulln Secretion to Experimental!/
Decreased Iodine Supply In Man
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rpHE INFLUENCE OF <fie(tiy Iodine deftckncy oa
X thyroid growth «od foiî r forntikxt has beea lhor>

oufMy documented,1 but the mcchinlcmf Invotvod in thk
pjthophy*iolojical (dtputkiQ axe Kill (he tubject of conu'd-
eribte eoniroveny. Tbyrotropin (TSH), vie cyclic adeno-
«lne monophotphile (cAMP)4epeoden( palhwiyt, ku
been ihown to dlrccttx nlmulile tpcciftc thyroid functionc
fuch at Iodine trapping ikyrold peicoudtte. and thyrofJob-
titia (T|) tcnc exprctsJo*.̂  la cuny ipeciei. Includinf
humini. TSH directly cnediiiei thyrocyie prodfcrtlkwi and
differentiation, but tbete effccU have keen disputed la
other specie*.1 Severe iodise deficiency decreases thyroid
hormone form*tloo, and h has been argued thai an accooh
panying Inacuc in eircviaiioc TSH serum levels dimulale*
foitcr (rowih.̂ * This palbophysloto(>cal link between thy-
rofda) Iodine supply and TSH-mediiled thyroid prolifera-
tion has been the bitts of (he treatment of endemic foiicr
with thyroid hormones. However, aa Increased TSH aeere»
lion has never coiMndnfr/beea demonstrated la patknts
wfth endemic foller grade* I and II. su{fc*llnf that the
increase la TSH serum levels occurs late In the disease,1**
Bray" explained this discrepancy by aa increased seruflMry
of the thyroid to TSH b iodine deficiency. With the reeeat
discovery that TSH is released In pulses,11-'1 this Increased
icnsllMty nay, as aa afteraaih* hypothesis, be explained
by changes In the pattera of pulsatile TSH release, Iodine
deficiency may stimulate tbyroeyte proliferatloa not by aa
Increase In drculatfaf serum levels of TSH, but by altering
the paiiera of pulsatfle TSH release, la the present study,
we idled healthy auk lofuateers for potential earV
chantei In ihe temcoral partera and absolute serum eooeea*
union of TSH in response to a decrtite In Iodine supply to
the thyroid.
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Mean thyroid volume In the voJunieer.

JSSi .2*55 -'-lhe C1ulhe bdlBe '»PPpcrtod ind following perchtoralc treatment
lntr.thyrold.1 iodine «ncen«r,.teo wu ,
ercavd by Wine deplctfaa. The c^Ia,^ c n e e
««<»« of thyroid hormone* were not ti(nlRc«ndr ahered
by cither treatment. Only Knim FT. level!

-- --- »- "•" '!•

Scrum levels of Tg almost doubled following Iodine
depletion, and this effect wa* visible d-—'— •*•- ---'
24-hour period (Fig I. T«blc I). Data
computer-milled progrtmt showed oo
pattern of Tg. and no dear cvtadian <
found. The pattern of TSH tecreti
mentation tho*cd the
variations (Table 2). FolL-
— — -) levels of TSH were _ .,„„.

lan pattern wat nill prctent (Rj I), inc
pululik rclcuc pattern donoodratcd . s^nmaol

reduction hi puUe amplitude la each rhythm, but the
number and distribution of TSII puhcs remained o«-
cfunfcd (T»We 2). No tipiifieinl erotxnrrelation between
T( and TSH rhythm* could he detected.

DISCUSSION
The importance of iodine deficiency for toiler formation

k undisputed. TSH may mediate these cffccu by ks
interaction with Iodine uptake and orpnlncatloa and itt
rofe in lhyro>d (rowth regulation. However, the p*ibopbyi»
telojlcal dunjca In TSH oocurrlnf during the transition
from normal dietary Iodine «uppr/to the supply ejected in
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nvil lo Iodine-deficient locations, or during • blockage of
iodine orpanlftcattofl severe enough (0 lead to hypolhyrotd-
iiin.**1*3 In our study, a hich-ixmruldjcUry iodmc tuppfr
lo thcjhyrofd wit achieved by »upp1cmcnut»ofl_o/.Wine lo
Ihc mildlyjkfleicnjjniakc in the jcgioq, leading to a dafly
Iodine Tniikc_jccio*'tn*icly-£4iutv*kai-lo..lh«lJ» .the
United Slate*. This ww compared with • mM experimental
iodine deficiency eddied by pcrchloraic treatment and fed
to • pronounced decrease in TSH tenia levels. These
change! are In parallel lo findings la nU undergoing
decreased Iodine intake that InlliaDy show no Increase la
level* of TSH,* whereas a more btcnse Iodine dchcic/>cy
leads lo • continuous increase b TSH serum levels.*•*
Comparative cptdcmMogtcaJ studies b homans living IB
regions with mild-io-moderate dietary Iodine deficiency
and regions with normal iodine supply, either b luly or
nonhern Europe, showed a comparable reduction b TSH
acrvm levels in iodine deficiency similar to our finding*,**
Development of thyroid autonomy hat boea suggested as
the mechanUm responsible for thb reduction In scrum TSH
levels11-0; this interpretation Is not supported by our data.
Development of autonomy wtthia 4 weeks h bealthy
subjects seems to be unlikely. The unchanged acrvm lock
of total thyroid hormone* and the slight decrease b FT«
levels may be a very early rfgn of Insufficient thyroid
hormone synthesis. Our finding* Instead point toward a
higher sensitivity of the thyroid to the effects of TSH under
conditions of iodine depletion. By (bis mechanism. TSH
would more effectively release thyroid hormones, and this
would lead lo a reduction of tircutatint serum TSH Jewels
via negative feedback. Our recent investigation of 24-hour
TSH rhythms b a froup of nine patient* with diffuse goiter
grade I. and b one ease grade IT, support! thk finding, as
TSH scrum Icvcb In the** patient groups were similarly
reduced compared with healthy controls.1'

• The exact mechanism of iodine interference with thyroid
function b unknown. It has been shown that a high iodine
supply inhibits TSH effects on cAMP formation.1" Change*
from a low lo high-normal Iodine supply b the rat. In the
absence of measurable changes b thyroid hormone or TSH
plasma concentrations, resuh b structural alterations of
the thyrocvte, modification of the basolalcral transfer of
Iodine, formation of lodolactones,*** and decrease* la Tg
iodination and endocylotk fluxes.71-* Opposite effects oc-
curring as a first adaptive mechanism of the thyroid to
Iodine depletion are conceivable. Furthermore, Sludcr et
al* provided evidence for a heterogeneous scmitrvily of
Ihyrocyies to TSH in cuthyroldism. Recruitment of previ-
outry insensitive thyrocytei to TSH action may be another

mechanism of adaptation in Iodine deficiency, and miy lead
lo an Increased surface area for lodiac trapping. Conirlbut*
Ing to thk recruitment may be an increase b thyroid blood
flow, as suggested by recent detailed studies In rats and In
humans showing an Inverse relationship between thyroid
blood flow and Iodine.*"

These observations are consistent with our results show-
Ing Increased serum Tg levels. A parttdpatlon of a higher
percentage of Ibyrocyte* in thyroid hormone tynlhcsk and
secret ion b iodine deficiency nay lead lo aa Increased
release of Tg stored In thyroid foOides. Decreasing foIlJcu-
lar Mores of Tg and therefore of Tg-boood lodiac b Iodine
deficiency, together with an Increased efficacy b (rapping
Iodine, may be an early prr/sWofkal axcbaabra of adapta-
tion to Iodine deficiency.** AhemaUvely, an Increased
dc-novo synthesis of Tg may occur, aad the iodine content
of this newly formed Tg may be decreased b Iodine
deficiency. Since there are currently BO assays available lo
determine the Iodine content of Tg la drculailoa, this
hypolhesb cannot be further evaluated. FoOicuIar neeroda,
as discussed previously," may serve • another explanation
b our volunteers, but the coruisteaey of thyroid hormone
levels b these healthy subjects argue* against cud) aa
explanation, finally, we could not eonftrm earlier findings
of a direct correlation between sentrafg levels and thyroid
weight, serum thyroid hormone concentration*, or the
T*/T4 ratio.'

Computer-anbtcd analysis of the palter* of TSH seen*
lion demonstrated that the decrease b Bean 24-bour TSH
serum levels was due to • reduction b puhe amplitude, but
oo change b the frequency of TSH poise* or their distribu-
tion was found. Since the thyroid vobme of the volunteer*
was unaltered by treatment, these data arc not aeceuarfly
b contradklloa to our Initial bypoches]* of aa altered
specific temporal pattern of TSH stimulation of thyroid
proliferation. The decrease b TSH serum levels may occur
as a very early sign of adaptation of the thyroid lo Iodine
deficiency, because the sensilMty of fkyrocytes Is increased
and a greater number of Ihyrocytct participate b thyroid
function, thus reducing the reouircaoent of pituitary TSH
stimulation. A further decrease b dietary iodine tvppry or a
lorujer-larlbg Iodine deficiency may (hen alter serum eon*
ecnirattoos of TSH and/or the pulsatile patient of TSH
secretion potentially via a decrease b thyroid hormone
synthesis, subsequently stimulating thyroid growth.
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aerial meanremeat* were started: serum protem-boond la-
belled iodine (PBT, PBmI). serum total thyroxme and orin-
ary excretion of ml. "I and mL — In the cootrol period the
non-thyroxiD* iodine secretion calculated fanem the aboTe
measurements was 40 fig/day. Under perchlor-'-r 2^ mr, thrp«
times daily th'« »*liM rptJjtigr'i^tfMMT *° **Pffl?f- M°"-
t&TToxine todme oompriee* the eecreted triicdotJbymune plus
the secreted cndogeaoas iodide. AManinc the* the former
TiJae remained constant, oar_jiat*-ano*_.th*t_]MK&lorata m-
deed dijcnarges part, though not_aU.of the endofenoo* iodide.
These data do not role out a 'seoood iodide eompartment, btrt
they axe also compatible with a simple one compartment model.

fty wonii: PerchloraU, thyroid, endogenous iodide, oon-

Several 4atlion h*r« postulated that endofenoa*
iodide produced by the deiodination of Jodotyroeine* in the
thyroid feed* into* different thyroid*! iodide compartment

transported iodide which eaten the gland from outeide.
Argument for the exiitenoe of two tepante iodide com-

nartinefltt i» the obeerratioo that under certain experiment*!

the thyroid, while it h*i oo nch effect on endogenous
iodide- This Utter obeerration howerer ha* not been confirmed
br (11 studies and remained controversial. — We therefore

exi the effect of perchlorate on the Mention of
iodide by a new, icnsitrre method. FIT* normal

reocired tracer amount* of iodide-"*! 0.0. and
11 days !»*«• thjroiine-1JJI LV. Two days later the

It is an accepted fact that the thyroid gland pos-
sesses two sources of inorganic iodide [1]. The first is
the iodide which is accumulated from outaide the cell
br an active transport mechanism, the so called "trans-
ported iodide ". The second sources are the iodothyro-
sines, which are derived by hydrolysis from thyro-
gtobulin and rapidly deiodinated within the gland to
yield the so called "endogenous iodide".

While there is general agreement that both iodide
jources are used within the thyroid gland for organic
iodination and therefore for hormone biosynthesis, it
is still very controversial whether they actually feed
into the same iotrathyroidal iodide compartment [2,3).

An important argument for the existence of two
iodide compartmente was based on the effect of per-
chlorate. This drag led to a rapid depletion of trans-
ported radioiodide in the rat, but seemed to hare no
effect on endogenous iodide [2, 3]. In line with this
rien- are the observations in man that perchlorate,
though preventing the active transport of iodide from
outside into the gland, does not appear to discharge
internal iodide [4-6].

These observations however have not remained un-
challenged. In the dog, perchlorate [7-9] or 'thio-
cyanate [10] led to a massive discharge of endogenous
iodide. Greer el ai. [11] have confirmed the discharge
of endogenous iodide by perchlorate in the rat, and
they thought that the evidence for a second iodide pool
ras artif actual, a view also expressed by WoIIman [12].

We have therefore considered it worthwhile to re-
investigate this controversial perchlorate effect on
> Eorop. }. dlo. I«mC TaL <

endogenous iodide in normal men by a very sensitive
new double isotope method. The results show that per-
chlorate indeed leads to a small but «ignifu»««t increase
of non-thyroxine iodine secretion which is most prob-
ably due to a discharge of endogenous iodide.

Methods
Five healthy persons served as volunteers for the

investigation. The experimental set-up was adapted
from the method of Wartofsky et at. [13-15] as de-
tailed in a previous publication [16] and using the
same material.

Experimental Protocol
Day 0: Oral intake of 80 (iQ Na "«L Day 11: Intra-

venous injection of 30 pCi L-thyroxine-1*! After a
further two days aflowed for equilibration of the thyr-
oxine-ml blood samples were drawn daily or at two
day intervals from an arm vein. Urine samples were
collected overnight during an exactly recorded time
varying from 6 to 9 h. Whenever the drug regimen was
changed four 6 h collections were made during one day.
Time and dosage of drugs are recorded in the result
section.

MeasvrtTnenti and Calculation! •
»rl in urine was measured by the method of Stole

and Knopp [17] in one 48 h urine sample of each sub-
ject at the beginning and in all overnight urines there-
after. The daily ""I excretion in the control period was
62 fig when measured in the initial 48 h urine specimen
and 59 fig when calculated from three consecutive
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overnight specimens. The agreement of both rallies in-
dicates that oreraight urines are T»lid substitutes for 24 h
collections. Since the subjects were eating their usual
noQ-standardized diet, their urinary iodine excretion
as expected raried from day to day [18]. To obtain
more accurate rallies the experiment wu repeated
exactly in subjects No. 1 and 4. omitting the isotopes
and measuring only the irl in the urine and the
mean values of the two experiments were used for
these two persons.

Calculations were done as described in a previous
publication [16] with the exception that the fractional
thyroidal uptake of radioiodide was directly obtained
from the cumulative urinary isotope excretion during
the 48 h following inUke of "*I.

Differences in mean values were statistically eval-
uated with student's (-tost [19].

Besolta
Table 1 gives details of the experimental subjects

together with the results of routine thyroid function
tests.

Fig. 1 gives the radioactivity (ml) of the serum
iodide and the urinary excretion of ml and of mL The
latter is divided by the PBmI of the corresponding day
to correct for variations in PBmI which is the source
of the urinary utl. Perchlorate and later carbimazole
each lead to a stepwise increase of the ml of serum
which is adsorbed to the amberlite resin and mainly
represents iodide1. The urinary excretion of 1MI rises
exactly in parallel with the serum iodide-1*!. Per-
chlorate produces an increase of the urinary ""I ex-
cretion which is identical to the one predicted on the
basis of the known fractional thyroid*] iodine uptake
(predicted rise in ml excretion =40.8±3.8%, observed
rise 42.9±4.9%, the excretion under perchlorate being
taken as 100%). This observation, together with other
reports from the literature [6] suggests that the dose

Table 1

Subject
No.

(No., MX)

1, 9
2.<f
3, 9
4. 3
5, 9

AF>

(ye*")

25
24
26
27
24

Weifht

(kg)

60
70
51
76
52

Mean
Standard error

Tnrroidal
uptake of »»I

(%dOM
•t«h)

30.7
41.0
37.0
40.1
54.0

40.56
3.81

THJM.J
Mrum
thrroxine
(K/100ml)

11.2
12.4
8.6

lU
9.9

10.66
0.64

002 -

Offl-

OS-

1 Mono- »nd Diiodotrro*ine would «l«o be »d*orbed.

Fig. I. Radioactivity ("»!) of eernm iodide (top), urinary «x?
entioa of "»I (middle) and ratio of urinary «l£eram piotmil
booad »I (bottom). Tb« mean values with etaadard ema ef
all 5 subjects are given. P '̂Tfr WM given m a <*"•»«?

carbimasole doM was 15 me tone times dauy from day 21
toraofh lo day 25 m

I
of perchlorate was sufficient to completely block iodide-
uptake by the thyroid. Addition of carbimazole to the
drug regimen produces a further alight rise of that
urinary ml which must be due to the fact that during)
the" 7 day control period after the injection of the?
thyroxine-"1! some of the radioiodine had been takeaj
up by the thyroid. .>}

The thyroidal secretion of non-thyroxine iodine as?
calculated from the above data is depicted in Fig. U
In the control period the mean secretion was 40±«|igl

i
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300-

s
Fig. 2. Thyroidal secretion of noo-thyroxiae iodine M calcu-
lated from d»U of Fig. 1 »nd Fig. 2. The mean ratae* of all
3 fubjects with the standard errors are girea. The absciais

tad the drag treatment were the same M in Fig. 1

per 24 h (mean ± SEM). In 4 of the 5 subjects non-
thyroxine iodine secretion roee significantly under par-
chlorate (p ralne <0.05 or better) and in one it de-
creased slightly, bat not significantly. Under carbima-
zolo plus perchlorete the secretion of non-thyroxine
iodine roee further significantly in all 6 person* to a
mean ralne 174±33jig per day. The mean raloes in
the control period and under carbimazole are practi-
cally identical to those reported for 9 other subject*
investigated under similar conditions [16].

Table 2 gires the details of the urinary excretion of
"t together with a calculation of the thyroidal iodine
balance. The excretion of "*! rose from 60 pig in the
control period to 200 ng/day in the carbimazole period
(Table 2, lines b and i). An unexpected finding was
that the thyroid glands of aO 5 subject* wen m a
slightly negatire iodine balance in the control period
(Table 2, line f). The cause for this finding cooJd be an
error in the chemical measurement of urinary UTL We
think that this is unlikely, particularly since the whole

Table 2

Subject

Control
p«iod

Par-
chlorate
period

Oar.
bimaiole
period

a) Thyroidal radioiodine uptake
(fraction of dose)

b) Urinary excretion of *»I 0<g/day)
e) Thyroidal secretion of thyroxine

iodme (jig/day)
d) Thyroidal secretion of non-thyroxioe

iodine dig/day)
e) Thyroidal absolute iodiae uptake:

•x (4 +«+«")* (K/day)
f) Thyroidal iodine btlance in control

period: « — («+«*)

g) Urinary excretion of Mfl (t*g/day)
h) Thyroidal secretion of non-thyroxme

lffitiyi+ df/day)
i) Urinary excretion of wfl dig/day)
k) Thyroidal secretion of noo-thyroxjae

iodine (u£/day)

»•

69
63

29

44

-38

96
60

160
146

2 3 4» 6

0.41 OJ7 0.40 0.64

62 63 74 52
67

24

69

-22

131
41

163
131

46

54

67

-43

133
120

246
285

71

54

80

-43

191
76

269
212

39

42

72

-9

119
34

152
96

Keaa
sad
SBC

0.40± 0.03

60 ± 0
63

40

62

-31

134
66

200
174

± 6.4

± 6J

± C2

± 6.9

±16.4
±16J

±24J{
±3X5

1) Expected ri»» of urinary **! from 161 166
control to carbimaxoie period: t+k—4
(«/day)

m) Obwrred rue of nrinary >^I from 121 91
control to carbimazoto period: (—0

•(«/day)
a) Ob*errad riM of orinary >"! in percent 75 65

of expected ria»: lOOx m/1 (%)

288 238 126

192 194 100

67 79

196 ± 29.4

140 ±ttJ

72 ± 4J

• The ̂ 1 meaiorements ia the urine for tbea« rabjects an the mean values of two leptnte experimenta.
» Assuming that iodine from endogenous sources (non-thyroxin* iodine and iodine from thyroxine breakdown) is equally

to the thyroid for reutdintioa M exogenous iodiae.
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experiment «a* repeated in two of the subjects with
excellent agreement to the first '"I measurements.
More likely this result must be related to findings by
Dworkin [20] and Vought [21 ] that normal persons are
in negative iodine balance most of the time if they
are followed under carefully controlled metabolic ward
conditions. Dworkin (20] has provided the following
plausible explanation for this phenomenon: on a few
days of the year a large excess of iodine is consumed,
e.g. in the form of iodine-containing medications or
iodine-rich food. Daring these days the iodine balance
becames strongly positive and the thyroid gland gets
"loaded" with iodine, which it slowly dears during
the long periods of arerage iodine intake. Our subject*
wen instructed not to eat sea-food nor to take iodine-
containing medications during the study. It is there-
fore not surprising that an "iodine load" with a posi-
tive balance was not observed during the 4 days of the
control period.

The isotope data, allow calculation of the expected
rise of urinary 1WI from the control to the carbimaxole
period. By comparison of this calculated value with
the value actually measured the validity of the double
isotope method can be checked (Table 2, lines 1 and m).
The data show that the double isotope method over-
estimates non-thyroxine iodine secretion by 28%
(Table 2, line n). This systematic error is most likely
due to underestimation of the specific activity ("*!/
ltTI) of thyroidal iodine, a value which cannot be
measured directly in man [16]. Thus, while our 1BI
measurement* confirm the general validity of War-
tofsky's double isotope method [13-15], they show
at the same time that the absolute values of non-
thyroxine iodine secretion it yields should be inter-
preted with some caution, since they may contain an
appreciable error.

Discussion
As we have outlined elsewhere [16] non-thyroxine

iodine comprises between 9 to 24}ig of triiodothy-
ronine. Quantities in excess of this value must be due
to the secretion of non-hormonal iodine, which most
probably represents iodide derived from the intra-
thyroidal deiodination of iodotyrosines.

Granted that the secretion of triiodothyronine re-
mains constant, any increase of non-thyroxine iodine
secretion must be attributed to additional secretion of
endogenous iodide. Our experiments show that per-
chlorate indeed leads to a smaO but significant increase
of non-thyroxine iodine secretion in 4 out of 5 sub*
jects, and therefore, under the above premise, to an
increase of the secretion of endogenous iodide of 26 |ig/
day. If the secretion of triiodothyronine, or that of
thyroxine, had actually declined under perchlorate,
then this change in endogenous iodide secretion would
have been even greater. Our finding disagrees with
reports by Nagataki and Ingbar [3] and by DeGroot
and Biihler [6] who thought that in man perchlorate

only prevented the uptake of exogenous iodide,
had no effect on the secretion of endogenous k
We think that the discordant results most be doe"
the less sensitive method used by the »bore invest^
ton, who may hare missed a small increase of 26 i
day. Nicoloff [22] using a method basically similar '
ours found a temporary increase of iodine
under perchlorate. lasting only about 24 h.
his method did not take into account the PBmI
the PB1MI and the results cannot be fully comj
The marked rise of non-thyroxine iodine secretion i
also of urinary irl excretion under carbimazole in ,
subjects is in good agreement with previous
by other authors [4-6]. The results are in keeping •
the view that thionamide drugs block the orgs
tion of transported as well as endogenous iodide,
latter then being secreted quantitatively.

Contrary to our finding in man perchlorate
dnced the secretion of all the endogenous iodide in 1
rat thyroid gland perfused in tit* [11]. This
tative difference my be explained by the fact that i
this latter experiment the thyroids were under mi
mal TSH stimulation. In support of this explanat
Rosenberg tt al. [8] observed that in the dog
chlorate discharged only small amounts of endc
iodide under basal conditions, but large quantities]
under TSH stimulation.

Yamada [23] has shown that perchlorate added «
vitro at a high concentration to rat serum dis
thyroxine from albumin, the main binding protein
the rat. It is unlikely that such a displacement Ui
place in man when thyroxine-binding globulin i* h. .
main binding protein and when drug serum level* I
attained in vivo must be much lower. Even if such a
displacement had taken place in our experiment, it1
would not influence our measurements of the non-
thyroxine iodine secretion. The double-isotope method,
thanks to the thyroxine-ml injected as an internal
standard, will automatically correct for any peripheral
effect of drugs.

The effect of perchlorate on endogenous iodide m
at first view difficult to explain. As ha* been pointed;
out by Rosenberg tt al. [8] endogenous iodide can be
disposed of either by reincorporation into thyro-
globulin or by secretion, as schematically illustrated..

ine (thjrro(lobufia)
endogenous iodide JS^^

"^ jrKf ntneelluU/ fluid
(*.jJ

The fraction of endogenous iodide secreted will de-
pend solely on the ratio of the two reaction rate* *V
and kt. Normally i, is greater than *, and little endo-
genous iodide is secreted. If one takes for granted that
perchlorate only blocks the influx of iodide from the
extracellular fluid into the cell (a view that may be
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challenged). it should theoretically have no effect on
the secretion of endogenous iodide. That perchlorate
^j increase the secretion of iodide codd mean either
») that it increases i, and that secretion of iodide ia not
A simple diffusion process as usually accepted, or b)
(hat one has to consider a third reaction, namely re-
entry of p*rt of the iodide just secreted into the sur-
rounding fluid, i.e. iodide that has left the cell, but not
yet left the gland [11]. We prefer this latter explana-
tion because it fits better with the prevailing view on
perchlorate action. By the same token we think that
in incomplete discharge of endogenous iodide by per-
chlorate may not be used as evidence for • so-called
second iodide compartment. Considering the above
simple mode] it would indeed be unexpected that per-
chlorate discharged all the endogenous iodide. Thru
admittedly our data do not rule out the existence of ft
second iodide compartment, but they can be explained
by a simple one compartment model.

Thi* work w«* supported by a gnat
from the Schweuerische Nttionalfond* zur Forderoag der

Fonchong.
We want to thank Mist E. Jfaier for her expert technical

»s»i)tanc«.
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Effect of Perchlorate on the Human
Thvroid Gland*

By JOHN B. STAXBCRY AND JAMES B. WV.VCAARDEX

A FUNDAMENTAL property of the thyroid gland is that of removing
iodide from the perfusing blood and concentrating it in the processes of

hormone synthesis and storage. During recent years a large number of sub-
stances have been found that interfere specifically with either iodide capture
(trapping) or hormone synthesis. Among those preventing the latter are clin-
ically important drugs such as propylthiouracil and l-methyl-2-mercaptoimi-
dazole. These prevent the oxidation of iodide ion to iodine and its chemical
attachment to tyrosyl groups. It remains in doubt whether this occurs through
inhibition of an oxidative enzyme, or from maintenance of the trapped iodide
ion in the reduced state, or through some other mechanism. It is evident, how-
ever, that thiourea and related substances do not prevent the trapping of iodide
by the gland.1

The trapped iodide exists in dynamic equilibrium with the iodide ion of the
blood. If the trapped iodide is labeled with I111 it can be rapidly diluted out by
the administration of a relatively large amount of the stable isotope, Iir. The
administration of thiocyanate ion, an ion sharing many properties in common
with iodide, will also result in a discharge of trapped iodide from the gland.
Likewise, prior treatment with thiocyanate will prevent the accumulation of I"1.

In a systematic survey of anions that might have an effect similar to that of
thiocyanate, Wyngaarden, Wright and Ways1 found that in the rat perchlorate
was approximately 10 times as effective as thiocyanate. Im accumulated by the
thyroid of the rat receiving propylthiouracil was rapidly discharged when per-
chlorate was injected, and pretreatment with perchlorate effectively prevented
thyroidal accumulation of iodide. The mechanism of action of perchlorate is un-
known, but competition for receptor groups of the gland that are responsible
for the initial inorganic binding or inhibitory effects on enzyme systems have
been suggested.1-'

Perchlorate appears to have had little pharmacological attention. Kahane4

observed the effects of intravenous injections on four rabbits; 250 mg. of NaCIO,
was without effect, but 500 mg. by intracardiac injection caused a transient
paralysis of the hind limbs, and in two animals diarrhea. Eichen* found the
effect of perchlorate on the frog bean to be identical with that of thiocyanate.
He administered 1 to 2 gm. orally to patients and observed no ill-effects. Seventy
per cent was recovered in the urine in 12 hours and 85% to 90% in 24 hours.

•
From the Thyroid Clinic of the Massachusetts Genera) Hospital. Boston.
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Durand* gave a patient 7S4 mg. of XaCIO, and found it in the urine 15 minute*
later. At three hours 30°̂  had appeared in the urine. He found no evideace "f
methemogoblin formation. \

The similarity of action of perchlorate on the thyroid of the rat to -^^
thiocyanate suggested an extension of these observations to the human \
The results herein reported indicate that the effects in thyrotoxic patients t »
similar.

METHODS
The subjects of this investigation were patients with Graves' disease who w< :

attending the Thyroid Clinic of the Massachusetts General Hospital. In almoct
all there had been no recent treatment for the disease, but an occasional patient
had been receiving l-methyl-2-mercaptoimidasole for a variable period of tin •
The initial observations were always made at least a month after discontinuaa_j.
of all therapy.

The antithyroid drug employed was l-methyl-2-mercaptoimidaiole, giv
orally in a single 30-mg. dose. Tracer doses of Im of approximately 10 mia
curies were used. Measurements for the most part were obtained with a lead-
shielded scintillation counter employing a sodium iodide crystal.' The cryst-'
was approximately 10 cm. from the anterior surface of the neck, and the ka
shielding was in contact with the neck. The aensitivity of the machine Wte
approximately 4000 counts per microcurie at the same distance. Counting rates
from the anterior part of the thigh were obtained at the same time. The ob*f
vations on tfie first four patients were obtained with a four-quadrant acmtiD -
tion counter.' The sensitivity of this device was approximately 1000 counts per
microcurie at the geometrical center of the array. The findings with the tr-
devices were in ail respects comparable. Forty-eight hour lm accumulatiooa 1
the glands were obtained from the four-counter array by comparing the patient*
with a suitable standard and employing a predetermined correction factor. r i
appreciable radioactivity was present in the neck at the time of a second ^_^
a larger tracer was given so as to minimize the background correction.

A series of observations was made on 12 patients with typical Graves' disease.
The experiments were of three types. In one the subjects received a blockii
dose of l-methyI-2-mercaptoiraidazole, then a tracer of I"1, and, when this bi
accumulated in the gland, an oral dose of KC1O4. In the second series the KCK)4
was given before the tracer. In the third group the blocking drug was omittV
and the KC1O4 given prior to the tracer.

RESULTS
Perchlorate Discharge of Accumulated Iodide

To eight patients 30 rag. of l-methyl-2-mercaptoimidazole was given oral]/,
and to a ninth a dose of 200 mg. of propylthiouracil was administered. Approxi-
mately one hour later a tracer of I"1 was given. The accumulation of this in tl
neck was recorded at frequent intervals until it was leveling off or slowly d
clining. At this point quantities of KC104 van-ing frorpJ-fo^iOOmg. were given
orally in small volumes of water. In each patient, except the propylthiouraci1
treated patienf, there was a sharp-fall jn the counting rate within a few minut*
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after ingcstion of KCIO«. This always occurred within 30 minutes. Whh smaller
doses the discharge of the I1*1 was incomplete, hut doses of 100 mg. caused a
lal l in counting rates nearly to, or in one case slightly below, the counting rates

44.

M.OOO
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' JO.OOO

200OO

100 200 MO 4OO

TIIC IM MINUTES

Fic. 1.—Perohlorate disfharje of accumulated iodide. At zero time the patieot received
30 mg. of l-methyl-2-mereaptoimidatole. At the firtt iifnal, a tracer doae of I"1 wi» fiveo
and at (he tecond lignal 100 mg. of KC1O(. The upper curve ia eountj recorded from (he
thyroid and the lomer those recorded from the thigh. The abscissa is time in minutes; the
ordinale is net counts per minute.
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Fic. 2.—Perchlorate discharge of accumulated iodide. Sixty miotues before tero time
the patient received 30 mg. of I-methyl-2-mercaptotmidazole, aad at zero time a tracer dose
of I1". At the first signal the patient received 10 mg. of KCJO, and at the second signal 100
mg. The abscissa ia time in minutes; the ordioste is net counts per minute.

recorded from the thigh. The single instance in which a fall did not occur was
in the patient who received propylthiouracil as the blocking agent. The per-
chlorate was given while the counting rate was increasing. No further increase
occurred, and 1 gm. of potassium iodide given orally in solution also failed to
cause a fall in counting rate.
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Figure 1 illustrates the efTert of a single 100-mg. dose of KC10, on trapped
iodide. Only 15% of the initially accumulated I1" was present in the neck with
a feu- minutes after administration of the KC1O«. At least part of the res'
labeled iodide recorded from the neck was in the blood circulating througi
structures of the neck rather than in the gland parenchyma. If as a correction
the counting rate recorded over the thigh a subtracted, then it appears that
scarcely any I1" remained trapped within the thyroid after the perchlorate.
In Figure 2 is shown the effect of 10 mg. of KC1O4 followed by 100 mg. The

i oooo O.f. MOM Ag« 23

0 90 IOO 190 ZOO
TIME IN MINUTCS

FIG. 3.—Perchlorate inhibition of iodide trapping. One hundred and twenty minutei
before zero time the patient received 30 mg. of I-methyl-S-nerceptoimidAzole, and. at sera
lime a tracer dose of I"1. The solid curves represent the events when the patient received
no KCIO,. The dashed curves represent the events when 100 mg. of KOO, was administered
60 minutes before tero lime. In esch ease the upper curve ia counts from the thyroid region
and the lower curves counts from the thigh. The abscissa is time in minutes; the ordinat*
is net counts per minute. The two tracer* were adjusted to the aame counting rate. Note
the inhibition of iodide uptake by the prior administration of KOO..

smaller dose resulted in an incomplete discharge of the lm and the larger dose
in a further discharge. The final counting rate over the gland was approximately
four times that from the thigh.

Perchloraie Inhibition of 7UI Accumulation in the Blocked Gland
Two patients received 30 mg. of l-methyl-2-mercaptoimidazole, and an hour

later 100 mg. of KC104 orally. One hour later tracers of Im were given. A few
days later exactly the same observations were made except that the KCIO« was
omitted. KC104 inhibited the accumulation of 1UI by the thyroid. This is ilhis-



ID JOHN B. STAXBl'HY AND JAMES B. WTXGAARDEX 537

if KCIO, on
Ml1»» th* nw* within

t ' >art of the residual!
x ulating through
nrhyma. If as a correction,]
ic^d, then it appears tha||
r i after the perchlorttc.-
, .ollowed by 100 nig.

O.R MoM *«««

• indred and twenty
merceptoimidaxolei and at ssm;
•ents when the patient nenmf
T . of KCIO«was administers^

< i inta from (he thyroid repoa
i time in minutes; the ordinatt
o the aame counting ran. Koto

< KCIO..

the Im and the larger dose
h« gland was approximately

• ii •

.-.* '

<ked Gland '.'
•a toimidazole, and an hoar
?i of IIJI were given. A few
except that the KC104 was

)'• *he thvroid. This is ilhis-

trated in Fipure 3. The patient was a young man with severe thyrotoxjcosis.
The accumulation of I!" in his thyroid when he was pretrealed with perchlorate
was only 27% of what it was when no perchlorate was given. At least a portion
of the 1'" must have been in the blood of his large and vascular gland rather
than in the parenchyma of the gland. When the correction from counting rates
over the thigh is made, this value becomes 13%. In the second patient the dif-
ference was even more striking. The counting rates from the neck were the
same as those from the thigh after administration of KCIO,.

J.F. n

4.0OO
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FIG. 4.—Perchlorate inhibition of iodide trapping. The lower curve represents the events
when 100 mf. of KC1O4 was administered orally one hour prior to lero time. The upper
curre was obtained without prior administration of KC1O«. The tracers were given at xero
lime and were adjusted to the same counting rate. The abscissa is time in minutes; the
ordinale is counts per minute, or percentage of administered dose in the thyroid.

Perchlorate Inhibition in the Unblocked Gland
Three patients received tracers of I'" an hour after being given 100 mg. of

KC1O4. No l-methyl-2-mercaptoimidazole was given. Several days later each
patient received a control tracer of I1" without previous perchlorate. In two,
the studies were continued for 48 hours, but in the third a period of obsen'ation
of only five hours was possible after the tracer.

The single do«e of KCI04 strikingly depressed the accumulation rate of the
I1*1, as well as the 21-hour and 48-hour accumulations by the glands. It was
apparent in the two longer experiments that after five or six hours there was an
inflection in the counting rate eurve in an upward direction. This is illustrated
in Figure 4. In this patient the 24-hour and 48-hour uptakes of I'11 were 12.9%
and 11.2%, respectively, of the administered dose when they were pretreated
with perchlorate, and 68.0% and 69.2% at 24 hours and 48 hours, respectively,
when the uptake studies were done without prior administration of perchlorate.
In the second patient the control values were 70.3% and 69.9% of the adminis-
tered tracer dose present in the gland at 24 and 48 hoursj'when the patient-was
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pretreated with KC104, counting rates corresponding to 21.3% and 21.0% were
recorded over the thyroid at 24 and 48 hours, respectively.

DISCUSSION
The antithyroid drugs of the thiourea group have provided a means for v—^

rating for study the systems of the thyroid involved in iodide trapping 01. .<
one hand and hormone synthesis and release on the other. The iodide of tfu.
thyroid exists in exchangeable equilibrium with the iodide of Uu blood, although
there is a considerable concentration gradient in favor of the gland. This iodide
has been shown to be nonprecipitable and diffusible.1 When this space is de-
marcated with I1", the isotope can be readily diluted out by an excess of Im,
and also displaced by an excess of thiocyanate. The latter effect is particularly
interesting because a concentration gradient of thiocyanate has not been found.1
One theory proposed1 is that these ions are in competition for binding sites oo
the surface of or within the thyroid cell.

Perchlorate appears to be another substance that can displace iodide from ha
position in the thyroid gland. The data here presented demonstrate that this
occurs with considerable efficiency. A dose as small as 3 mg. given orally pro-
duced a considerable fall in thyroidal iodide. Not only is trapped iodide dis-
charged from the glands of patients being treated with the antithyroid drag
l-methyl-2-mercaptoimidazole, but also, if perchlorate is given before the tracer
of IU1, accumulation of the'isotope is inhibited. Perchlorate ion appears, there-
fore, to have an effect on the thyroid qualitatively similar to that of thiocyanate
ion. These data, however, provide no clue to the precise nature of the trapping
mechanism or the nature of the effects of perchlorate, or thiocyanate. The simi-
larity of the effects of the two drugs may be only superficial.

The duration of the inhibition of iodide uptake after the oral administration
of 100 mg. of perchlorate appeared to be about six hours. Beyond six hours
accumulation of Im commenced. Durand* found that at this time approximat
half the administered dose of perchlorate has been excreted in the urine. A1: ^,
dose should provide a more prolonged period of inhibition.

The demonstration of perchlorate goiter in rats by Wyngaarden, Wright and
Ways9 and their demonstration of several other simple substances that inhibit
iodide uptake suggest that a variety of hitherto unsuspected agents may be
operative in the induction of sporadic goiter. The data here presented on human
subjects suggest that perchlorate may have a role in therapeutics.

SUMMARY
Aqueous potassium perchlorate, when given in oral doses of 3 to 100 mg.,

results in a rapid release of previously accumulated iodide from the thyroid
glands of human thyrotoxk subjects treated with l-methyi-2-mmaptoimidazole.
Perchlorate also effectively inhibits the accumulation of tracer I"1. This action
is qualitatively similar to that of thiocyanate.

The period of inhibition of uptake of I111 after a single dose of 100 mg. of
perchlorate is approximately six hours.

No toxic effects of perchlorate were encountered in these patients, who were
given no more than three doses for a total of not more than GOO mg. of the drug.
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Long-term use of potassium perchlorate

J. M. C. CONNELL
M.B., M R.C.P.

Department of Medicine. Western Infirmary. Glasgow

i

Summary
A case of Graves' disease with potassium per-

cborate for 22 yean witboot 01 effect is described.
Thyrotoxicosis recurred 4 weeks After the medication
was withdrawn, suggesting that enthyroldlsm had been
maintained by chronic use of the drag. As toxJdty of
perchlorate is probably dose rented, It is suggested
that long-term use of low dose perchlorate may be M
more hazardous than alternative anttthyroid therapy.

Introduction
Potassium perchlorate was extensively used as an

antithyroid agent in the late 1950s and early 1960s
(Crooks and Wayne, I960): by competitive inhibi-
tion of the trapping of iodide by the thyroid it was
effective in reducing thyroid hormone production
by the gland, and consequently in relieving symptoms
of thyrotoxicosis (Godky and Stanbury, 1954). No
evidence has been produced to suggest that it might
influence the natural course of thyrotoxicosis.
Following reports of toxictty, in particular of bone

/ marrow hypoplasia (Banflai and Sheinfeld, 1966) it
fell into disfavour, and is now used mainly for
investigative purposes. The author now reports a
case of long-term use of potassium perchlorate.

Case report
A 72-year-old female was referred to the Thyroid

dink in August 19SO with symptoms of thyrotoxt-
cosis. She had undergone a partial thyroidectomy
in ariother hospital in 1945 for tbyrotoxkosis. In
1956, she was diagnosed as suffering from pernicious
anaemia, and started on regular vitamin BiTTherapy.
In~1958, her thyroioxicosis recurred both clinically
and biochemically. She was rendered euthyroid with
potassium perchlorate, one »/day by mquth for
one mnn'h. imf mrintaintd *>»*«•»• fter on 300 mg/
dav with pood control of tvrnptorm. She remained
clinically euthyroid on this therapy without ill effect
until May 1980, when her CP stopped the potassium
perchlorate. Four weeks later .she developed symp-
toms of thyroioxicosis, including weight loss, heat

intolerance and excessive sweating, and was "hv
ferred to the Thyroid dink. Apart from peroicioot
anaemia affecting a maternal aunt, she gave no
other history of note.

On examination she was clinically thyrotoxic.
with warm moist palms and hyperkinetk movements.
She had a tachycardia of 120 beats/min. A «m^B
diffuse goitre was palpable, with the left lobe Hng
larger than the right; no bruit was audible. Then
was no ophthalmopathy. Other examination was
unremarkable. '•

Initial thyroid function tests confirmed the cfinkil
impression with a T, of 245 nmol/l (normal range
59-174). T, of 4-2 nmol/l (normal range 1-29-3-3)
and a free thyroxine index of 77-4 (normal range
17 8-46 1) (Amenham radioimmunoassay khX Thy-
roidal uptake of u'Iat 20 rain after i.v. administra-
tion of the tracer was elevated at 9-7% of dote
(normal range 2-S%); the pracrphia test for thyrc-
globulin antibody was negative. A technetium scan
of the thyroid showed a diffuse uptake of isotope, with
the left lobe more active than the right. Haemoglobin
was 11-3 g/dl with an MCV of 8S fl; WBC was
5-3 x 10*/1, with normal flm appearances; platelet
count was normal at 194x ]0*/L

A diagnosis of Graves' disease seemed reasonable
in view of her history of pernicious anaemia, and me
diffuse thyroid scan appearance. In view of her age,
and recurrent nature of her iDness, she was treated
with radioactive iodine (U'I) by mouth, and is now
clinically euthyroid.

Comment
This appears to be a unique case with maintenance

of euthyroidism by the use of potassium perchtonte
over a period nf ?? TPT Thf temporal ffH^fMBtiip
between withdrawal of perchlorate and recurrence of
thyrotoxicosis suggests that percMoraie was re-
sponsible for the maintenance of euthyroidism, by
continued chrome intrathyroidal iodine depletion.
With the withdrawal of perchlonie. unblocked
excessive iodide trapping was able to occur, leading
to excessive thyroid hormone production; this

0032-3473/IJ/MOO-05I6102.00 £ 1911 The Fellowship of rotitnduaic Mrficii
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is analogous to the cases of thyrotoxicosb
d' in populations by the introduction of

iodine supplementation (Connolly. Vidor
rid Si«*»n- |97°)-4 -This patient received potassium perchlorate for

o years without any untoward effects. The reports
"J adverse reactions to potassium perchlorate sug-
£jied thai these effects of the drug were dose related
lUorgans and Trotter, I960), and it may be that

dose perchlorale (200 mg) is no more toxic than
.KC current generation of (hiouryiene antithyroid
drugs (Baralai and Sheinfeld, 1966}.
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EFFECTS OF METHYLMERCAPTOIMIDAZOLE (MMI,.
PROPVLTHIOURACIL (PTU).

POTASSIUM PERCHLORATE KC104) AND
POTASSIUM IODIDE ( K I , ON

THE SERUM CONCENTRATIONS OF THYROTROPHIN fTSH
AND THYROID HORMONES IN THE RAT

By
P. T. Manniilo' . T. Ranta- and / Leppaluoto^

A B S T R A C T

Male S?raguc-Da*ley rits »-ere given grided doses of methylmercaato-
:mioa:oie .MMI). propyi th iourac i l 'PTU;. KC'0; or KI in drinking water
iT 4 days, or the lowest e f fec t ive dose of each drug for various times.
The ra:j were sacrificed at 1-2 p m. and serum T$. T4 and TSH concen-
trations were measured by radioimmunoassays. It was found that admin-
istration of 5 m* I of MMI. 10 mt I of PTU and 100 me-I of KC104 for
4-14 days induced a transient rise in serum TSH and a fall in serum Ti
or T4 or in both. The effects of KI were not consistent. In another series
"f experiments. PTU (10 me 1} was given in dr inking water for 4 days,
ind then graded doses of T, or T4 were given iv. or 100 nt of TRH w-as
injected into a tail vein, or the animals were exposed to 4:C for 30 mm.
The initial high TSH levels were funher increased by TRH and cold and
decreased by Tj and T4 The PTU-treated animals had goitres after 4
days. We infer that low doses, that is to say 10-100 times lower than
previously descnbed. of antilhyroid drugs induce a hypolhyroidism char-
acterized by an increased TSH level and a decreased serum T3 or 1^
level or both. A 4 days' treatment with PTU (10 me 1 in tap water) is a
suitable tool for studying the effect of various conditions on TSH secretion.
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The ei'fef.s of va r ious jn t i thvro id d rugs are --ei l documented at the liv
the t nv ro id e land Stanley \- .4jlz-vud 1 9 4 " . Rx.iardi 4. Inzbar 1959: lino
19M: Hi-nnmun v I ' jn \\\ddlfivorlh I9«)2: .Vj;a/a6> i Indoor 1964:
iyt>4 H u v » c \ e r :r,eir e f fec t s on the serum concentrations of immunoassa<
T;. T4 ar.d TSH have been less widely studied. In most of me previous .
oniv one. and ev iden t ly a high concentration of an ant i thvroid drug
used resulting in at least temporarily increased secretion of TSH \
Lanrcnci I9o4. \\'\lbcr i.- t'.'igrr 1967: Lif-indahl c! at. 1972:
Limarciidrta-Btraud \9~3:Stivcnetal. 1975;.

The e r f e c t s of suprapi tu i tary factors on the regula t ion of TSH are usua •
s tudied in s i tua t ions where the secretion of TSH is stimulated. We have p
vious ly s t imula ted TSH secretion in rats bv cold-exposure (Leppaluoto et al.
1 9 7 4 : Tuomisto et al. 1975: Ran/a et al. 1977 ; and found that it is possi .
to mod i fy the s t imula ted TSH secretion by various drugs influencing cent |
neuro-transmission (Tuomuto tt al. 1975: Rama et al. 1977: Manniito et a/
1979). In other studies TSH secretion was stimulated bv thvroidectomy but T .
very high TSH levels were not changed by drugs (Mueller et al. 1976) or
cold-exposure (Maaniitd. unpubl. results).

To find another reliable system for the stimulation of TSH secretion and ' ,
elucidate the acute effects of various antithvroid drugs, we measured ser ,
concentrations of T3. T4 and TSH by specific radioimmunoassays in a series
of experiments where graded doses of four an'.r.hyroid drugs were given to •wr
rats in tap water for 4 days. In the fur ther studies a low effective dose of e: ,
drug was given for varied periods of time. We were able to show that very low
concentrations of anti thvroid drugs effectively stimulated TSH secretion. The
elevated TSH levels responded to exposure to cold, to thyroid hormones a 1
to TSH-releasing hormone.

M A T E R I A L A N D M E T H O D S
Animals

Male outbred Sprague-Dawley ran weifhinr ISC>-220 j at the beginning of the
penmenti were used. They were kept 2-3 amman per cafe and fed tap water and
pellets iodine concentration 0 j-1 mf kg) ad libintn. Tbe animal room wai amftciajlv
illuminated from ' a. m. 10 7 p. m. and kept at 20-"-C The ammali were decapita i
between I p. m. and 3 p. m.

Experimental designs
1. Studiri with i-anoiis doses of firopylthiourar-.i 'PTL'). mtth\lmrrcaptoimida;*.t

!.\1.\ll:. KCIOj and Kl. - In the lint series of experiments graded doses of PTU (0.
I. 3. 10. 25 and JO rnfl). MMI (0. 1. 3. 10 and 23 mg'l). KCIO^ (0. 10. 50. 100 i
500 mg I) and Kl (0. 10. 100 and 1000 mj'l) in tap water were given to groups of 5
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...re decapitated on the 5ih dav at l-j p m jnd the whole t runk bioo<i
: r the measurement of serum T. T; and TSH concentrations cf beiow
,: series ol exper iments PTU flO m« I!. MM I 5 mg l). KCI04 100 me !,

~? :' »ere j r i \ e n in tap water as above and the animals 'n * 5-7 m each
ci jpnated on the Jr.d. -Ith. 6th. 9th and Mth dav at 1-3 p. nv One or :*o
-re k i l l e d at e;ch D»mt of time total 6-1 conirols per each druc

; -.•\2crimen: PTL 10 me I was t\<.cn in dr:n*ine water as aoove and
-i and 10th dav n - 6i the animals were decapitated. The control ra ts
»ii!ed on tne iuth day The thyroid glands and adenohypophysei were

, £,;, (•< '<; cold. TRH and thyroid hormone treatment on TSH contentration in
i-titi' /*"' treated rats. - In (he tint series of experiments (he reproducibilitv of
PTl ' - induced TSH response was studied. PT-J (10 me I) was fiven in drinking

.jicr ''-•r 3 or 4 days and (hen (he animais were decapitated for the meuurement of
rfai<n T^H T"-e experiment! (5-7 rats in each/ were repeated 5 times and (he coeffi-

tnu u' • •^r ia t ion in the final serum TSH concentrations were calculated.
In inc •if''"" experiment PTU (10 me I/ was fiven in drinking water as above. On

.r tin dav 10 rats were transferred to a room with a temperature of 4:C for 30 mm
t-4 thcr. sacrificed for measurement of serum TSH. Other 10 rats were fiven 100 n?

• TRH into a tai l vein and the animals were decapitated 10 min later. The control
j-:ma:s n • '" received saline iv and were decapitated at the same time. The fourth
tf.'iif »i rats n « 10) received water instead of PTU.

In the tfnfti experiment 60 rats received PTU '10 my 1) as above for 4 days. Then
tnaed doses of T. (0. 1.23. ;.o. 5. I2.j or 123 iig k?; or T4 (5. 23. 37.5. 30. 100 or
r; ,.v- sc were injected into the tail vein. The rats were decapitated 2 h later for
r?3surcmcm of serum TSH. This time interval has been found suitable in an earlier
, 'uflv in rats '\\'ilbtr i- L'tiger 1967).

. . A N D M E T H O D S

eijhin? 1^0-220 g at the beginning of
2-5 animals per care and fed tap wi

«;) od libitum. The animal room was ar
i kept al 20-22:C. The animals were dee

-•^
lyithiOHtaeii PTl'i. meth\lmercaptoi*iAiait±

series of experiments graded doses of flUR
5. 10 and 25 mr-1). KC10, iO. 10. 50, 100 •!
nf \'i in tap waier were given to group* «f £4T

tfurm'jiif! and drugs
Thvruxine. tniodothyronine. propylthiouracii. methylmercaptoimidaiole. KC104 and

si »cre purchased from Siima 'St. Louis!. TSH-releasing hormone was obtained from
tjlbiochem 'San Diego}.

Kjdi'iimmunoaisayr of serum T i. Tt and TSH
T. and T4 antisera were purchased from Farmos Turku). T< antisenim had a cross-

:rac:ivny of < 0.01 • • against mono- or diiodoiyronne and 0.15* • against T,,. T4
r.::!fr-cm had a cross-reactivity of < 0.01 '• against iodotyrosmes and 0.55 •• agaimt
T -"[-labelled T.I and T4 were purchased from Amersham. England. A 100 «l serum
•IT.Z.C was incubated overnight wuh aniuerum and tracer at 4*C in a buffer con-
:::nm.- anilinonaphtalen-suiphonate. The immunocomplex was precipitated with poly-
K-.vlencelycol final concentration 12.5 •• w vj. Serum TSH was measured with a rat
T5H I-it obtained as a gift from NIAMDD A rat TSH preparation RP-1 was used as
i i tandard (Ranta 1975).
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Elttcti ni graded ilmtt ii \inti: rrota d r u ^ - ^aminmrrrd lor J days,
in scrum Tj. Tt ana TSH (o-'irrr:rations

PTL'. - At the PTL' leve: of I me i ihere w e r e no s i e m f i c a n t cr -—^i0

serum hormone levels in -I davs. At 5 me i serum TSH rose Irom 5S Q
:>e ml (P < 0 05; and rema;.-.;a at about '.rut level at hier .er doses, itati
ca i l v s i g n i f i c a n t f a l l s in seru.r. T.I and T. occurred at 10 me I or at highe-
doses i Fig. I).

MMI. - MMI did not ai'fect serum hormone concentrat ions at 1 mrl c..̂
level in 4 days. At 5 me 1 serum TSH increased f rom 640 to 2 I S O ng;tni
P<QQ\) whereas serum T and Tt were not s i g n i f i c a n t l y an'ected. At o

and 25 me.'! level of MMI. serjm TSH was stil l hieh but dec l in ing . Serum ',
concentrations decreased from 52 lo 3~ nmo' I at 10 mg I (P < 0.05) and to
32 mmoL 1 at 25 mg 1 (^<0.0!). The serum T:) concentrations remained
changed at all MMI dose leveis Fig. 2).

«:m5/:

Fit- 1.
Serum T3 (A —— A: 10-1 nmol i T4 (• — •: nmol I", and TSH (• —— •: 10-' nf i
concentrations as a function of the PTU dose mf I in dnnkinf water: lof scale' r
the rat. Mean ± st*. n- i-6. Sta::siici: x P < 0.05. « F < 0.01 vs. the water controls
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Fit. 3.
T;. T4 and TSH conceniraiions n a function of the KClOj doie (mj I in drinking

water: log jcalti. For further information, sec Fig. I.



7*5 if I
Scrum F, nmoi . T. nmol I) and TSH r.c ml f.ricemrationj u a funn ion o
•i-jnne I'TU \>> me I MMI '5 me i kC04 .lor, rr.t I, and KI 100 mi I,

The druri <«ere riven in tap water

Durjnon of the treatment, davi

Tt. mnol I
PTU
MMI
Kc:o4
KI

500:4 0
50S:J 1
52.1 :5 S
694 :30

54 3 ±5. 5
49.0 ±3 -2
40.S±2.6
45 1 ± 3 2

3so:*o*
4 5 4 : 2 S
4".5:2.7
6J.5±29

27.4:4.1"
36.s:i.r
45 4:2.5
74.5:0.9*

12.1 ±16**
-
-

61.8:4.3

34 S t
34.7:; ;i

-
S2.7: 2-

TV nmol I
PTU 1.3:0.3 0.5±0.07»* 0.7:0.14* 0.6:O.OS** 0.6±O.I3" O.J:"' r
MMI 2.0:^12 2.4 ±0.12 2.1:021 1.9:0.15 - 24: ;;
KCIO, 2 .0±010 2.1 ±0.16 1.6:011 1.6:0.06

2.5:016 2.9:0.10 2.2:0.07 2.7:01!2.3:0.22 I.S + 0.07

TSH. r t f m l
PTU 520:50
MMI 505:130
KCIOj 610:110

980±100* 1400:75* 2450:350" 4550:410" 15001 ,0
750 ±20 2300: :50»* 990:170* - 500::.5C
720*160 1120:100* 1095:140 - 1200: 'C'

KI 650:50 1460 ±240* :2SO 1090:230 1350:300 5701

Mean ± SCM. n » 5—S. Statistically significant changes from the control values ('• 0 ii'a
are shown as follows: * P < 0.05. " F < 0.01.

- At 10 mg. 1 dose level serum hormones were unchang. .> a
30 rag 1 Ta fell from 2.1 to 1.7 nmoL 1 (P <. 0.05) and scrum T4 from 56 t
36 nmol. I (/><0.01). Similarly. T4 remained low at 100 and 500 mr.l is
level and T3 at 100 mg/1 dose level. Serum TSH rose at 100 mg.'l from .1
to 1170 ng ml (P < 0.05) and continued to rise to 1490 ng ml at 500 me
(P<0.0\) (Fig. 3).

A'/. - There were no statistically significant changes in (he hormone confer,
(rations at 10-1000 mg 1 dose levels of KI in 4 days (data not shown).

Scrum 7"j. Tj and TSH cortftntralions during administration of
the four antilhyroid drugs for various times

PTL'. - When PTU (10 mg I) was given, serum T., fell on the 2nd day f rr
1.8 to 0.5 ng'ml (r°<0.01) and remained at this low level for several d s
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-H -if ml concentrations as a function i
KCO, 100 m* i ana KI 100 mg/|)
re liven in tap *ater

ion of the treatment, divj

"Orr.o* 2r.4ru** 12.1 ±1.6" 54.41
.4 = 2.5 36.5 = 41* - 34.71

...3:2.: 43.4 ±2.3
•53.5 = 2.9 74.8*0.9* 61.5 ±4.3 817J

. /7±0.14* 0.6*0.05** 0.6 ±0.13"
M=0.21 1 .9±O.I3 -

6±0.1I 1.6 ±0.06
3 r 0.16 2.9 = 0.10 3.2 ±0.07 J.7j

0±75* 2450±350** 4550 = 410" 1500
; 0 = 250** 990*170* - 800*]
120=100* 1095±140 - I
440 = 250 1090 ±230 1350 ±300 370

.-mfieant changes from the control values

• I serum hormones were unchanged,
...noL 1 (P < 0.05) and serum T., from i
T, remained low at 100 and 500

< el. Serum TSH rose at 100 mg/1 froaj
• itinucd to rise to 1490 ng. ml at 500

: significant changes in the hormone corxca*
w.s of KI in 4 days (data not shown). '•'

"•£>
i during administration of *
i timet i

•vas given, serum T.i fell on the 2nd day froa
mamed at this low level for several daft
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»,rui" T- :e!I from 50 !0 JS nmo1 ' ' / '<') 05: on the 4th day and reached
^ <fn :..-., minimum IM nmol 1. / > < O O I on the 9th dav. Serum TSH rose

r,m •'•-" ;o -150 n? ' on the oth dav ( / )<0.0r. and mcreased further to a
f : . n , . , . i \ imum of 4550 nc ml on the 9th dav i .r»<0.01). and then fel l to
, ; ( i i i n.- mi on the Nth dav .Table P.

-rtf u t:.-hts of anterior p i t u i t a r i e s were increased and the rats had goi t res
i { j r i l as on the 4th day of the PTL'-treatment 'Table 2).

, /U / - ^'ith 5 me i of MM I in dr inking water, serum TSH rose from 505
., : j , t i> p.; ml on the 6th day {P < O . O l ) . then fe l l to 990 and 800 ng.ml on
,.f O.T and 14th dav. respectively. The fall in serum T< was significant on
.., mh /»<0.05: and I 4 t h dav , / > < O . O l ) . Serum T, remained unchanged
jur inc the experiment (Table I).

AT.'O: - When 100 mg I of KCl04 was given, serum TSH rose from 610 to
,, jO nc ml on the 4th day remained at that level. Serum T3 decreased from
MI 10 i.o mmol'l on the 4th and 6th day. Serum T, also decreased from the 2nd
jjv bui the change was not statistically significant in this experiment (Table I).

H. - U'hen KI (100 mg 1) was administered in drinking water, serum TSH
.,« from 6SO to 1460 ng ml on the 2nd day (P < 0.05} but then declined to
.;., in i t ia l level. Serum Jt tended to fall at the beginning of the treatment but
^creased on the 6th day from 52 to 74.8 nmoL 1 (P < 0.05) and on the 14th day
.,. 52." nmol 1 (P<Q.Ql}. Serum Tj concentration was decreased on the 2nd
j jvoniv (Table 1).

Table 2.
The weights of the thyroid and anterior pituitary glands of the rats
during administration of PTU (10 my 1) in drinking water for

4 or 10 days.

Wet weight (mg 100 g of body weight)

Thyroid gland

Control 5.8 ± 0.3
4 days on PTL' I3.S * 0.1"

10 dayi on PTL" 16.0 ± 0.2"

Anterior pituitary

2.6 : O.I
3.5 ± 0.1*
3.4 ± 0.1*

Mean ± SCM of 6 animals in each group. * f < 0.05.
vs the control rats.

f < 0.01
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fig. V.
Ef fec t of graded doses of T.-| (O----O: 0-125 "g'ltg iv: log scale) and T, ,'•—
5-3*5 iig kg iv: log scale) on the serum TSH levels elevated by a prior PTU treai
[10 me I in drinking water for 4 days). The rats were killed 2 h after the injection
saiine. Tj or T., n -+-5 at each dose level. Mean ± SEM. Statistics: * P < 0.0* v

the PTU control rats ( . . . . ) .

Effects of -carious manipulations on serum TSH concentration in
the PTL'-treated animals

Rcproducibility. - When PTU (10 my/1) was given to groups of 5-T rats ::
5 separate experiments, serum TSH rose from 441 ± 32 to 906 ± 104 n- T
(mean ; SEM) in 3 days and from 600 ± 51 to 1720 ± 125 ng.ml in 4 t .-
Th; respective coefficients of variation in TSH concentrations were 30•
(3 days' treatment) and 16 '/» (4 days' treatment).

Table 3
The effect of cold exposure and TRH on the serum TSH
levels in the PTU-treated rats (10 mg/1 in drinking water

for 4 days).

Treatment Serum TSH (nj ml;

Water control 446 ± SI
PTU control. 22:C I K 3 ± I 6 9
PTU and SO mm at *4eC 21" ± »"•
PTU and 100 ng of TRH iv 2161 ± 150'

Mean ± ICM of 9-10 animals.
• P < 0.01 vs. the PTU control.
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c
-. H iv

446 ± SI
1173 ± 169
i!77 ± 277*
2161 ± 130*

3 rol.

27S

£(/ , . . • ••/ thyroid hormunis. TRH and "jld-expvsure. - In the first experi-
nl me rats were given HTU (10 mg I. 4 days) and then various amounts of
,ir T. |V Within - *> srnaii amounts of T '1.7 /«g kg; and T4 (5-30 «g kg) did

iu.-ru!icantly modifv TSH levels but higher doses rapidly decreased the
cum 1'SH levels (Fig. -I In another experiment the high TSH levels, in-
(.ed In PTL'. were further increased bv iv injection of 100 n$ of TRH (from

9 to -177 - 2" ne ml. /*<0.0r, and by transferring the rats from
Ct'or J0min(to:2!0 - ml. /><0.0i : (Table 3V

(„

D I S C U S S I O N

studv each anti thyroid drug induced a different pattern of serum im-
s'avable hormone leve'j at the beginning of treatment. We observed

,i,3i in the PTLT-treated rats T3 fell and TSH increased early and T, decreased
.Jier. In the KClOj-treated rats T! and TI decreased at a parallel rate and
f<H levels increased at the samejime. Administration of MMI did not affect
f at all. and after KI serum T( was even increased, although serum TSH levels
%frf at least transiently increased in both cases.

Althnufh in this study serum thyroid hormone levels did not fall before the
,,# in serum TSH. we still believe that these antithyroid drugs primarily de-
,-rease either serum Tj or T< or both, which, according to the classical feed-
ojck theory, then leads to a rise in serum TSH. We want to point out that in
:hr rat.< kept on a low iodide diet serum TSH was also increased before any
Jftectnble change in serum T.j or T( (Ricsco et al. 1977). The fact that we were
-ot able to observe in all cases significant falls in serum thyroid hormone levels
xfore the rise of serum TSH may be due to the inability of T3 and T4 radio-
immunoassayj to detect minute, but possibly physiologically significant. Tj and
T, chanees.

In earlier studies antithyroid drugs have been used in drinking, water in con-
lfntr3tions of 100-1000 mg I (Bakke i- Laurence 1964: Wilber tc L'tiger 1967:
i'rs-i ntiahl et al. 1972: Criessen L- Lemarchand-Beravd 1973), and those treat-
ments have increased serum TSH levels in 1 day - 4 months. Our results show
that ihes: doses are unnecessarily high since significant changes in serum T).
T, and TSH were obtained at doses 10-200 times lower. The disappearance of
the ini t ial serum TSH rise in response to PTU (Griessen i- Lemarehand-Beraud
I9TJ nr thyroidectomv (Van Rcrs 1966) is said to be due to the exhaustion of
;ituiurv TSH reserves. We were able to confirm the transient rise in serum
TSH levels even with very- low doses of PTU as well as with MMI. and to
vime extent with KI. On the other hand. KOOj seemed to be able to stimulate
TSH secretion continuously. Possibly the dose was relatively lower than that
••> PTU and MMI. and did not cause the depletion of pituitary TSH.
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It was also demonstrated here that MM I did not affect serum T3 level,
was clearly decreased bv PTU. This result was not unexpected because
stantial amounts of serum T( are derived .from serum T( by dciodinar
PTU - but not MM1 - is known to block this reaction \\'an Andtl L
1956: Hfnliman L- Van Middlcnt-nrth 1962: .\torrrale dt Eicoba '
del AYv I96T ' \\'e also found that our ini t ial TSH burst was assc. j
the fa l l of e i ther serum Tt (PTU and KQOj) or T, ,'M.MP. It is d i f f i cu l t t
sav whether T. or T( is able to inhibi t TSH secretion at the anterior pituitar
level because there are pituitary receptors for both hormones (Op'*nk T&
tt al. 1976, but. on the other hand. T4 is rapidly deiodinaied to T, in the an
terior pituitary • Stlva tt a!. 197S).

In this studv KI administration also led to the initial TSH burst. Later ; uc
T4 level beran to rise and serum TSH level decline. So it appears that lo.. K
doses (about 4 me day) initially work antithyroidally but later, perhaps due u
increased availability of iodide. T4 synthesis is increased. There is no pre >uj
information about the effects of small doses of iodide on serum TSH but -f
doses have slightly increased serum TSH level at 4 months ILiewcndahl tt 01
1972).

The present results prompted us to set up a model in which stimulated >K
secretion can be studied. PTU is fiven in drinking water (10 mg/1) for 4 day;
to increase serum TSH levels. The reproducibility of this TSH response is t w
even better than that obtained with the cold-exposed animals (Tuomuto « a.
19'5: Mdnnisto tt al. 19TS). Our model appears to be useful because elevatec
TSH levels are further increased in response to cold or to administrate o:
TRH and rapidly decreased by thyroid hormones. Both the TRH-induced 30
cold-induced TSH responses are well comparable with those observed in the
normal rats (Tuomislo et al. 19T5: Rant a et al. 1977: Mannisto et a! 5
1979). We have also shown that various drurs can modify the PT^" ^~^K
TSH secretion (Mdnnisto i- Rania 1978).
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RESULTS OF A FOURTEEN DAY ORAL-DO3INO TOXICITY STUDY
OF AMMONIUM PEftCHLORATE

0. J. Caldwell, J. H. King, Jr., E. R. IGnkead. R. E. Worfe. L Narayanan. and 0. R. Mattie
Trt-Service Toxicology Consortium. Armstrong Laboratory (AUOET)

Wright-Patterson Air Force Base. Oaylon. OH 45431-7400

ABSTRACT

The use of ammonium perchlorait (AP), CAS registry number 7790-96-9. in the manufacture of solid
rocket motors has resulted in soil and water contamination. Remediation levels proposed by the US
EPA are extremely conservative because of an insufficient toxidty database (ECAO. 1992). Since (he
thyroid Is the target organ and perchtorate inhibits iodine uptake by the thyroid. tn» 14-day study
evaluated the potential of AP to produce changes in levels of trSodothyronine (T3), reverse T3 (rT3). T4,
thyroid stimulating hormone (TSH), and thyrogiobufln (Tg) by providing specific dose-response
information for use in selecting doses for use In a 90-day subchronic toxidty study.

INTRODUCTION

This study was conducted to evaluate the potential of AP to produce alterations in thyroid function
and to estimate the threshold dose for AP caused effects on thyroid hormone levels in rats. Results of
this pilot study will enable selection of appropriate doses for a subchronic study that win evaluate the
potential of ammonium percnlorate (AP) to produce alterations in paternal fertility, maternal pregnancy
and lactation, growth and development of offspring of Sprague-Dawiey rats. The animals received the
test compound in drinUng water as this route of treatment provides a more uniform dose than a single
bolus dose produced by gavage and simulates the most probable route of human exposure in ciaet of
environmental contamination. Blood levels of Tg, Tj, T*. rTfc and TSH were determined.

MECHANISM OF TOXICITY

Many goitrogenic xenobiotics that increase the incidence of thyroid tumors in rodents exert • dkect
effect on the thyroid gland lo disrupt one of several possible steps in the biosynthesis and secretion of
thyroid hormones. Perforate is biowMooompetitrv«fyinhiM one of the^
mechanism, which incorporates free iodine Mo Tj and T« (Capen. 1992). Low Tj causes release of
thyroid stimulating hormone (TSH) from the anterior pituitary, which resufts in thyroid foMcufar eel
stimulation and hyperpiasJa. Thia rtyperpiasia may cause an increase In thyroid gland size (hypertrophy)
(ORO. 19M).

The primary objective of this range-finder study was to determine toxjtity information to estabish
doses of AP for a 90-day subchronic loxiciy study. Sprague Dawtey rats were exposed to varying
concentrations of AP In their drinking water fora twe-we*fc period. The rats were then sacrificed and
their thyroid hormone leveb were measured by a ratfWrnmunoassay technique. An addUonal goal of
this work was to estimate a threshold dose based on changes from the control thyroid hormone data.

Data obtained from this study wiO be used lo statisttcaly estimate the threshold level for AP effects on
the thyroid, the target organ for toxidty. The threshold level wfl be considered lo be the lowest
observed adverse effect level* (LOAEL). The next lowest dose wil be the *no observed adverse effed
lever (NOAEL) and will be used tar determination of the RfO for ammonium perchlorate using standard
USEPA methodology. The dose-response data, reproductive and developmental toxkity information,
and effects of AP on other organs, coupled win the establishment of a threshold dose for thyroid
hormone effects wW remove much of the uncertainty surrounding the provisional RfD and permit
calculation of a RfD that should be at least an order of magnitude higher. Doses for the 90-day
subchronic study win be based on resufts from this pilot study.

Approved for public release; distribution is unlimited.



RELEVANCE OF RESEARCH

We wish to emphasize the need tor this research by describing the lack of toxtdty information, and
specifically the lack of dose-response data for AP. Furthermore, it is intended to familiarize the reader
with the mechanism by which thyroid hormone levels are Inhibited by AP. Hormones are products of
living cells that circulate in body fluids and produce a specific effect on the activity of cells remote from
their point of origin. This inability of the thyroid gland to produce thyroid hormones. If not corrected,
leads to excessive development of thyroid tissue cells (hypertrophy), an unusual Increase In the number
of tissue cells (hyperpiasJa) and the formation of abnormal masses of tissue (tumors) that possess no
physiologic function (neoplasia) in experimental animals as well as in humans (Capen, 1992; HDI et al.,
1989; Paynter etai.. 1988).

The Thyroid Gland

This section explains the nature, formation, and secretion of the thyroid hormones and discusses the
mechanisms by which circulating levels of the hormones are regulated. Thyroxine (T4) and
tritodothyronine (T3) are classically regarded as the two hormones produced by the thyroid gland. They
contain 4 and 3 atoms of Iodine, respectively, and are abbreviated as T4 and T3 according to their iodine
content. These hormones are synthesized in the thyroid gland by todinating thyrogfobuOn (Tg). an iodine
containing protein stored in the thyroid (Goodman and van Middlesworth. 1980). This process can be
divided into four steps. The first stage in the synthesis of thyroid hormones is the uptake of iodide from
the Mood by the thyroid gland. The trapped iodide is then combined with oxygen (oxidized). Once H is
oxidized, iodine rapidly iodinates tyrosine residues within the Tg molecule to form monoiodotyrosine
(MIT) and diiodotyrosine (DIT) in a process is called iodide organfflcatton. Finafly. either two OfT
molecules or one DfT and one MIT molecule combine to form T4 and T3 respectively, In the ratio of 5:1.
so that most of the hormone released is T4.

Under normal conditions the thyroid may concentrate iodide up to 25 times higher than the blood
concentration. This ratio may be considerably higher (250:1) when the thyroid is active, kxflde uptake
may be blocked by several anions. one of which is perchlorata (Goodman and van Middlesworth, 1960).

T4 is the major hormone secreted from the thyroid and is converted to more active T3 in a variety of
peripheral tissues, including the pituitary gland. T4 is also metabolized to rT3 which is hormonafly
Inactive and has no know function, except perhaps as an Inhibitor of the conversion of T4 to T3 (Hffl et
al., 1969; Stevens. 1965, Goodman and van Middlesworth. 1960).

Homeostatic control of thyroid hormone synthesis and secretion in the thyroid gland is effected by a
sensitive feedback mechanism that responds to changes in circulating levels of the thyroid hormones T4
and T3. The mecnanism involves the anterior pttuAary of the brain (HH et al. 1989; Paynter et at. 1988;
Houk, 1960). Thyroid-stimulating hormone (T8H. or thyrotropin). which is secreted by the anterior
pftuflary gland and causes the thyroid to create new thyroid hormones, is very Important hi the feedback
mechanism. R Independently promotes iodide trapping and Miration of Tg. The rate of release of TSH
from the pituitary is controlled by the circulating levels of T4 and T3.

tf for any reason there is a decrease in circulating levels of thyroid hormones, TSH is secreted and
thyroid function Is increased. If exogenous thyroid hormone is administered, eventually the thyroid gland
becomes inactive and atrophied. The Mood concentrations of both T4 and T3 are important factors In
the release of TSH (Capen. 1992; H1B et al.. 1989; Paynter et al.. 1968; Goodman and van Middlesworth.
1980).

According to Goodman and van Middlesworth (1980). an exact description of the rote of the thyroid
hormones is not yet possible. However, they discuss several studies which indicate that If the hormones
are not present in the earty stages of Hfe. mental maturation, bone development, and the central nervous
system are negatively affected. In some instances, the lack of bone development can be corrected by
administering T4. However, administration of even tremendous amount of T4 does nothing to coned
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mental retardation, suggesting that the hormones must be present during critical periods In order for
normal development to occur.

Thyroid Gland Neoptas<a

Hill et al explains that thyroid neoptasia may be induced by exposure of experimental animals to a
variety of treatment regiments, chemicals produced outside the body (exogenous), or physical agents.
"It has been recognized for some time that neoplasms Induced m experimental animals by a number of
these treatments result from thyroid gland dysfunction, in particular, (enlargement of the thyroid gland
and Increased metabolic rate] hypothyroidism.* Factors inducing rtypothyroidtsm Indude iodine
deficiency, surgically removing part of the thyroid gland, and the transptentabon of TSH-secreting
pituitary tumors. The one factor common to each of these conditions is that they an lead to Increased
production of TSH and prolonged stimulation of the thyroid gland by 'excess* TSH.* Whatever the cause
(I.e tow iodine diet. Mocked iodide uptake by an anton), prolonged stimulation of the tnyroid-pitunary
feedback mechanism that results in the release of elevated levels of TSH by (he pituitary may teed to
thyroid gland neoplasia. However, thyroid hyperplasia and neoplasia in these cases can be blocked by
doses of exogenous thyroid hormone or by surgically removing the pituitary gland (hypophysedomy) (Hill
et al.. 1989).

A recent review of chemical injury of the thyroid (Capen, 1992) showed that rodents treated wflh
agents that directly interfere with thyroid hormone production in the thyroid gland depress T3 and T4
levels resulting in a compensatory increase of TSH. This TSH stimulation of the thyroid gland leads to
hypertrophy, hyperplasia. and neoplasia in rodents. In addition, this excessive secretion of TSH alone,
without any chemical exposure, produces a high Incidence of thyroid tumors hi rodents. Capen
concluded that thresholds for agents which inhibit Iodide uptake by the thyroid can be established by
determining the dose that fais to elicit an elevation in the drcutatJng level of TSH. Hence, the threshold
concentration of perchlorate. I.e.. the perchlorate concentration below which there Is no depression of T3
and T4 accompanied by TSH elevation, is comptetery protective against cardnogenesis.

Human Data.

Brabant et al conducted a study in which S healthy males were exposed to an oral treatment of 300
mg of perchlorate 3 times dafly over a 4-week period. Mean serum TSH levels decreased sRghtfy and
the thyroid volumes were unaltered. The body weights of the volunteers were not provided. However,
using the standard 70 kg default body weight used for risk assessment resuts in e dose of 12.06
mg/kg/day. This would suggest thai the threshold dose for thyroid hormone effects in healthy humans is
higher than 12.86 mg/kg/day.

Burgi et al (1974) administered 200 mg of percnJorate 3 times daiy to three heaflhy female* and two
healthy males for a days. The average dose tor the females was 11.04 mg/kgMay and tha average for
the mates war%^2 mgy*g/tf*y. These doses ware sufficient to completely btock iodide uptake by the
thyroid as measured n the urine. However, thyroid hormone levels were not measured In order to
determine if (Ms dose produced a decrease hi T5 and T4 or an increase in TSH levels.

A study that used potassium perchlorate (KP) to displace iodide from the thyroid gland (Stanbury and
Wyngaarden, 1952) was used as the basis for deriving the EPA's provisional RID. Standbury and
Wyngaarden found that 0.14 mg/kg/day (assuming a body weight of 70 kg) was not sufficient to
completeiy block iodide uptake. However. 1.4 mg/kg/day was sufficient to btock 90% of the measured
Iodide. The study did not evaluate the effects of KP on thyroid hormone levels and only three doses
were given. These three studies are summarized in Table 1.



Study Eapoture Conditions Conclusions

Brabant et al •12 W mg/kg/day •TSH levels decreased slightly

BurQietal •11.04 mg/kg/day for
(our weeks (males)

•922 mg/kg/day for four
weeks (females)

-Sufficient to completely Mock iodide uptake by the
thyroid

Stanbury and
Wyngaarden

•0.14 mg/kg (once)
•1.4mg/kg(once)

•55% of Initially accumulated radioactive iodide was
present In the neck

•15% of initially accumulated radioactive iodide was
present in the neck

Ttbie 1. Summary of human studies using perchlorates.

Animal Data.

With regard to animal data. Shigan conducted a study in which -white rats' ware given AP under
various conditions (1963. translated from Russian. 1994). The rats were treated wttft doses ranging from
2500 to 6500 mg/kg and observed for IS days. Even though most of the animals died during the first 3
days. Shigan was able to calculate the dose of AP which Idled fifty percent of the total experimental
population fl.e., the 10*) (see Table 2). White rats' were also exposed to AP under two other condUons
described in Table 2. However, these results do not provide any insight in determining a threshold dose
because there were no doses given at low concentrations.

Exposure Condition*

4200 mg/kg (once)

650 mg/kg/day for one month

190 mg/kg/day for three months

Conclusions

•LDjo value

•No notleeabJe cumulative properties

-Affects the regulation of the involuntary nervous system
•Causes a statistically reliable change in the protein fractions of the
blood serum

•Disrupts the Ivor's ability to produce grycogen for carbohydrate
storage

Table 2. Results of SWgan's Experiments on -white rats'

Mannbsto et al (1979) studied the effects of Potassium PercNorate (KP) on the thyroid of the Sprague-
Dewfey rat. He found that doses of KP from 7.6 to 15.3 mg/kg/day administered over a 4 day period
reduced serum T3 and T4 levels and increased TSH levels.

These animal experiments do not provide enough information on which to base an accurate RfO
since dose-response data on thyroid hormone levels are lacking (e.g.. Shigan) or the period of



administration was too short (e.g.. Mannisto). Since the CPA based their provisional perchlofata R/D on
the Stanbury and Wyngaarden study and predicted that chronic administration of onrchlorate at the dose
used In that study would nicety hava resuled In lowering of the patients T3 and T4 lave* wtth
subsequent Increases in the levels of TSH. (his hypothesis was tested by designing a study In which
changes In thyroid hormone teveb In the Sprague-Oawfey rat would be measured In response to
Increasing doses of AP (CaldweO and Mattie, 1995). A 14-day pflot study provided spedflc dose-
response data over • wide range of doses, from which • threshold level tar thyroid hormone effects of
AP could be estimated (Caldwel at el. IMS). Since increased levels of TSH ere a sign that the thyroid
has been disturbed, If a dose of perchlorate can be found from which there to no observed statistically
significant Increase in the amount of TSH in the Mood, this dose can be considered at or below the
threshold dose (Capen, 1992). Subsequently, this dose can be used In deriving a RfD.

PILOT STVIOY

Groups of six male and six female Sprague-Oawley rats were dosed wth AP in drinking water at
concentrations of 0 (control), 1.25, S.0,12.S, 25, SO, 12S, or 250 mg/L Animals were sacrificed after
fourteen days and thyroid hormone levels were measured using a radloimmune assay technique. The
actual dose of AP administered to each animal was calculated by mulUpiytng the concentration of AP
administered In the drinking water by each animal's average water consumption over the 14-day period
and dividing this number by each animal's average body weight over the 14-day period. Selected thyroid
hormone data are presented in Table 3.

RESULTS

General

AP did not have a statistically significant effect on the average water consumption of either sax at the
concentrations administered. Nor did AP have a statistically significant effect on the body weight gain of
either sex; both sexes gained weight In the same manner over the two-week period.

Thyroid hormone levels

AP had a statistically significant affect on the thyroid hormone levels in both sexes. The T3 and T4
levels decreased while TSH. rT3. and Tg increased wtth increasing doses of AP In both mates and
females; however, the sexes were not affected to the same extent

Dose (mg/kg-d)
(male.femate)

0 (control)
0.11.0.12

. 0.44, 0.47
_ 1.11.1.23

2.26. 3.06
4.32. 4.91

11.44.11.47
22.16.2486

T3-Male

133
124
106
90
76
71
66
66

TO-Female

129
IS
14
11
79
72
69
66

T4-Mato

S.I
4.8
4.7
4.3
42
4.1
3.4
3.0

T4-Female

S.0
4.4
4.1
4.0
3.9
3.7
3.3
2.9

T8H4Jaie

14.S
1S.O
16.9
20-2
30.2
312
34.0
37.4

TSH-Femato

11.3
13.1
14.6
1S.4
17.4
192
22.7
29.9

Table 3. Effects on Thyroid Hormone Levels.



CONCLUSIONS

The data derived from the two-week study show a decrease of T3 and T4 with a concomlant rise in
TSH wNh Increasing doses of AP. The NOAEL was 0.44 mg/fcg/tt and LOAEL wms 1.11 mg/ko/d for the
male rats and 0.12 and 0.47 mgAg/d, respectively, for female rats. Thto to consfstont wtth the Berature
which shows e higher level of drculating TSH In male rats compared to female* (Jubb et af, 1963).

Long-term perturbations of the pftuftary-thyroid fids are more flkefy to predispose laboratory animals
to a higher Inddence of piolferatlvelesfertt than to Mease In (nature Thto appears to be
partlcufarty true to the male rat In which there usuafly are higher circulating levels of TSH than to
females. The greater senslUvty of the animal thyroW to derangement by dtemteals and physiologic
perturbations also to related to the shorter plasma haJMfo of T4 (12-24 hours) flian ki humans (5-9 days),
due, in part, to the considerable drfferences between spades ki the transport proteins for T4. In humans,
drculating T4 to bound primarily to thyrojdno-binolng globulin (TBO). but thto high-affinity binding protein
to not present In rodents. T3 to transported bound to TBG and afeumfn In humans, but only to albumin in
rats. In general T3 to bound less avidly to transport proteins than to T4, resulting In a faster turnover and
shorter plasma half-life hi most spades (Jubb et el. 1993).

Although the data established the NOAEL for thyroid hormone effects, more research to needed in
order to determine a predsefy defined threshold dose for such effects, and to evaluate the dose*
response relationship for other potential toxic effects of AP. such as changes In the production of red
blood cells (I.e.. hematopotesJs). A planned 90-day study wil use doses selected to better estimate (he
threshold dose and to refine the NOAEL for thyroid hormone effects and other toxidty endpolnts. The
additional data obtained from thto subchrenic study wffl support the use of a less conservative uncertainty
factor since deta gaps on reproductive and developmental toxidty will be fined, the threshold for effects
on thyroid hormone homeostatto will be determined, and investigation of hematopolellc effects wM be
performed. Therefore, a RfD between 1E-3 mg/ko/day and 1C-2 mg/kg/day appears to be reasonably
obtainable.
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III. Methodology

Introduction

This section describes the process by which this research was conducted. The

design will be explained, followed by a description of the execution and the analysis

techniques. It concludes with a summary of the chapter.

Design

The 14-day pilot study included 96 rats, 48 male and 4S female. They were

divided into eight dose groups, including a control (Table 3-1). The male rats were

estimated to consume water at the rate of 45 ml/day/rat and have an estimated body

weight of 450 grams. The female rats were estimated to consume water at the rate of 27

ml/day/rat and have an estimated body weight of 270 grams. The target doses are

specified in Table 2. These target doses were designed around an estimated threshold

dose of 10 mg/kg/day based on the available literature (Caldwell, 95).

Group
Control

Very Low
Low

Med.Low
Medium

Med. High
High

Very High

No. of Animals
Males Females

6
6
6
6
6
6
6
6

6
6
6
6
6
6
6
6

APConc.
(mg/L)
0.00
1.25
5.00
12.50
25.00
50.00
125.00
250.00

AP Target Dose
(mg/kg/day)

0.0
0.125
0.5
1.25
2.5
5.0
12.5
25.0

Table 3-1. Pilot Study Dose Groups. Concentrations and Target Doses
Source: Caldwell (1995).



Execution

The study began with 100 rats, 50 male and 50 female. These rats were single

housed throughout the study. The quarantine period lasted for 14 days. During the last 7

I days of quarantine, the water consumption rates and body weights were measured as

baseline data. On the last day of the quarantine the rats were randomly assigned, using

the PATH/TOX (XMSC, 1993) randomization algorithm, to 8 groups, each containing 6

J males and 6 females.

I The dosing solutions were prepared in eight 20 liter containers on day 14 of the

quarantine and samples were taken to verify accurate concentrations and stability. The

J dosing period began the day following the quarantine period. The animals were dosed for

I 14 days according to table 3-1. The animals were weighed on days 8 and 14 of the
x~" quarantine and days 7 and 15 or 16 of the study. Water consumption was measured on

day 12 of the quarantine and days 1,4,7, 10 and 14 of the study and averaged over the

I respective periods. This data was used to determine if the dosing solutions affected water

Y consumption or body weight, and calculate the actual dose consumed by the animals.

Following the dosing period, the rats were euthanised via COj inhalation on day

jl 15 or 16. Blood was immediately drawn from the vena cava at necropsy and centrifuged.

• The serum was stored at -20° C until analyzed for the hormone levels listed above using

commercially available radioimmunoassay kits.

I
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Statistical Analysis

The results were analyzed using two-factor Analysis of Variance (ANOVA)

(Statistix 4.1). Multivariate Analysis of Variance (MANOVA) (SAS), Tukey's method

j for multiple comparisons (Statistix 4. 1 ), and Maximum Likelihood Estimation (MLE)

M (SAS). Two- factor ANOVA was used to determine if there were statisticaUy significant

differences between dose groups and the male and female rats. Two-factor MANOVA

J was used to determine if there were statistically significant differences between dose

~1 groups and the male and female rats. If the males and females responded similarly to the

dosing, Tukey's method for multiple comparisons was used to determine which dose

J groups differed.

"1 Capen ( 1 992) concluded that if a dose can be found for which there is DO decrease

in T3 or T4 accompanied by an increase in TSH, that dose can be considered the

threshold. Therefore, the sigmoid function was used to fit the data points for T3 and

J TSH. The sigmoid function was not used to fit the T4 data because there was no dose

«* response relationship. Maximum Likelihood Estimation (MLE) was then used to

determine the parameter point estimates for the sigmoid function. Once the parameter

J estimates were determined, the function was evaluated using the F-test for lack of fit

"1 (LOF). If the functions passed the LOF test, this would mean that they accurately

characterized the relationship between dose and hormone levels. These functions, which

J serve as conservative estimations of the dose-response relationship, could subsequently

1 be used to extrapolate the dose level which corresponds to two standard deviations above

the mean hormone level for the control group.
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J
Two-Factor ANOVA (Devore, 1991):

The rwo-factor ANOVA was used to determine whether there were statistically

significant differences between dose/sex group means. This is done by first determining

I the grand mean (the mean of all dose/sex groups) and then comparing each data value to

the grand mean. The differences between each data vaJue and the grand mean are then

squared and summed to determine the sum of squares for the total samples (SST). Next,

J the mean for each dose group is determined and compared against the grand mean. The

' i differences are squared and summed to determine the sums of squares for dose group

(factor A, SSA). SSB (factor B), or the sums of squares for the sex factor, is determined

-* by holding the dose factor constant and determining the mean across sex for each sex and

*1 comparing them to the grand mean. SSAB (interaction sum of squares) is determined by

j~~' computing the mean for each dose/sex group and subtracting the means of the dose

groups and sexes and adding the grand mean. SSE (error sum of squares) is determined

I by each data value to the dose/sex mean. Each sums of squares is then divided by its
•

-, degrees of freedom to obtain the mean square for each factor (e.g. MSA, MSB, MSAB).

These mean square values are divided by the mean square error (MSB) to determine the f-

. * ratio (f has a certain distribution when the null hypothesis is true). If the computed f-

•J value is greater than the value chosen for alpha (the level at which any percentage above
•

is grounds to reject the null hypothesis and subject to type-I error or the error of rejecting

the null when it is true), then the data cannot be considered to be from the distribution

"2 and the null hypothesis is rejected. The statistical analysis package Statistix 4.1 was used
•

to perform the two-factor ANOVA. The research problems were as follows:



Q
j*l Problem 1 (Average Water Consumption)

( 1 ) Docs the dose of AP affect average water consumption?

(2) Does the sex of the rat affect average water consumption?

1 (3) Is there any interaction between the dose of AP and the sex of the rat?

«. Problem 2 (Body Weight Gain)

( 1 ) Does the dose of AP affect average body weight gain?

J (2) Does the sex of the rat affect average body weight gain?

1 (3) Is there any interaction between the dose of AP and the sex of the rat?

Problem 3 (Thyroid/Body Weight Ratio)

J (1) Does the dose of AP affect thyroid/body weight ratio?

"1 (2) Does the sex of the rat affect thyroid/body weight ratio?

(3) Is there any interaction between the dose of AP and the sex of the rat?

Research Null Hypotheses:

J Hypothesis 1 (Average Water Consumption)

-• ( 1 ) The dose of AP does not affect average water consumption.

(2) The sex of the rat does not affect average water consumption.

J (3) There is no interaction between the dose of AP and the sex of the rat

"I Hypothesis 2 (Body Weight Gain)

( 1 ) The dose of AP does not affect body weight gain.

* (2) The sex of the rat does not affect body weight gain.

J (3) There is no interaction between the dose of AP and the sex of the rat



Hypothesis 3 (Thyroid/Body Weight Ratio)

(1) The dose of AP does not affect thyroid/body weight ratio.

(2) The sex of the rat does not affect thyroid/body weight ratio.

(3) There is no interaction between the dose of AP and the sex of the rat.

An answer which contradicted any one of the previous hypotheses resulted in rejecting

the respective null hypothesis in favor of the alternate hypothesis which states that there is

an affect.

Two-Factor MANOVA (Barcikowski, 1983; Hair et al., 1979):

Two-factor MANOVA is similar to ANOVA, except there are several dependent

variables (e.g. T3, T4, TSH, rT3 and Tg) instead of one dependent variable (e.g. average

water consumption or body weight gain). While ANOVA and MANOVA both test for

differences among groups using sums-of-squares, MANOVA finds them using the

covariance structure of the dependent variables. The F-ralio tests for equality among dose

groups based on their vector means. The statistical analysis package SAS was used to

perform the MANOVA. The research problem was as follows:

Problem

(1) Does the dose of AP affect Tg, T3, rT3, T4, and TSH thyroid hormone levels?

(2) Does the sex of the rat affect Tg, T3, rT3, T4, and TSH thyroid hormone levels?

(3) Is there any interaction between the dose of AP and the sex of the rat?

Research Null Hypotheses

(1) The dose of AP has no affect on Tg, T3, rT3, T4, and TSH thyroid hormone levels.
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(2; The sex of the rat has no affect Tg. T3, rT3, T4. and TSK thyroid hormone levels.

(31 There is no interaction between the dose of AP and the sex of the rat.

An answer which contradicted any of the three previous null hypotheses resulted in

rejecting the respective null hypothesis.

Maximum Likelihood Estimation

Maximum likelihood estimation (MLE) was used to obtain point estimates of the

parameters of the sigmoid function. The sigmoid function was used because it

approaches a threshold affect at low doses (Fig. 3-1). The sigmoid function is as follows:

BI
HormLevcKDose.BO.Bl) = BO Dose

_ „, , BODose t-1 —
Bi

Where BO is the highest observed response value (highest observed hormone level) and

B1 is an exponent parameter which controls the function shape.

60

HonnLcvel(i.44.4)

10 30 40

Figure 3-1. The Sigmoid function.

The MLE method assumes that all the hormone levels are normally distributed, have

equal variances and are independent. The likelihood function:
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•n where the expected value of the sigmoid function, E(f(Xj,BOJB1)) = u, (the population

mean) and the expected value of the difference between each observed value of hormone

• level (y,) and the u, squared. E(VJ - u^)2 « a2. The expected value of the sigmoid function

I is substituted in the likelihood function for u* and E(yi - uj2 for a2. Subsequently, the

values of BO and B1 that maximize the likelihood function are the maximum likelihood

estimators.

I Once the maximum likelihood estimators are determined, the sigmoid function

I can be tested to see how well it characterizes the data with an F-test for lack of fit (LOF).

Once the function passes the LOF test, it can be used to extrapolate the dose level which

• corresponds to two standard deviations above the mean hormone level for the control

| group.

F Test for Lack of Fit

The F test for lack of fit assumes that the observations Y (e.g. hormone levels) for

given X (e.g. dose) are independent and oornutUy distributed, and the distributions of Y

have the same variance. The test is accomplished by first determining the pure error sum

of squares (SSPE) and the residual sum of squares (SSRes) which are computed in the

ANOVA table. The difference between these two error sums of squares is called the lack

of fit sum of squares (SSLF). After dividing the SSPE and SSLF by their appropriate

degrees of freedom, the F statistic can then be expressed as follows:

3-8



i]
1 M5LF

= MSPE

I The research problem for each data set was as follows:

Problem

Does the function accurately characterize the data?

J Research Null Hypothesis

-« The function accurately characterizes the data.

If the value for the computed F is less than or equal to the critical value for the level of

J significance (o=.05), then the null hypothesis holds.

3
Tukey's Method for Multiple Comparisons

-J When the no-interaction hypothesis was not rejected and at least one of the two main

J effect null hypotheses was rejected, Tukey's method was used to identify significant

_ differences between dose groups. For identifying differences among the means when the

null hypothesis was rejected,

J 1. Obtain the value of the upper-tail a from the studentized t-distribution, above which

"1 the null is rejected (Q).

2. Compute w = Q * (MSE/(JK))w, where MSB is the mean squared error obtained from

-J the ANOVA table and JK is the number of observations averaged to obtain each of the

"1 sample means compared in step 3.

3. Order the sample means from smallest to largest and underscore all pairs that differ by

"^ less than w. Pairs not underscored correspond to significantly different levels for the

I factor under consideration.

D



Summary

To determine whether there was a dose-response relationship for body weight

gain, average water consumption and thyroid/body weight ratio, two-factor ANOVA was

used. If no interaction was observed, Tukey's method for multiple comparisons was used

to determine which groups differed by dose. Two-factor MANOVA was used to

determine statistically significant differences between dose groups with five dependent

variables. MLE was then used to find the point estimates for the parameters of the

sigmoid curve which was used to fit the data. Once the parameters which maximized the

likelihood function were determined, the F-test for lack of fit was used to detennine if the

functions accurately characterized the data sets. The results are presented in Chapter 4.
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fV. Data Description and Analysis

Introduction

This chapter presents and analyzes the raw data obtained from this study. Two-

factor ANOVA was used to determine statistically significant differences between dose

» groups based on weight gain, water consumption, thyroid/body weight ratio. Two-factor

MANOVA was used to determine significant differences between dose groups and sex

J based on thyroid hormone levels. When a null hypothesis was not rejected the analysis

-: was terminated However, when the no-interaction hypothesis was not rejected and at
-i

least one of the two main effect null hypotheses was rejected, Tukey's method was used

J to identify which levels differed from the control. Maximum Likelihood Estimation

"] (MLE) was then used to determine the point estimates for the parameters of the sigmoid

function used to fit the data. The F-test for lack-of-fit was then used to determine if the

function accurately characterized the data.

J The data was analyzed in this order. First, the water consumption data was

_ analyzed to determine whether there was any statistically significant difference between

dose groups and what the actual doses were. Next, body weight gain and thyroid/body

J weight ratio was analyzed to determine whether there was a difference between dose

-i groups. The effect of dose, if any, on thyroid hormone levels was then evaluated. If an

affect was noted, maximum likelihood estimation was used to maximize the parameters

J for the sigmoid function. The function was then used to extrapolate the dose level which

I corresponds to two standard deviations above the mean hormone level for the control

group.



Water Consumption and Dose

The average water consumed by dose group is shown in figures 4-1 and 4-2.

Two-factor ANOVA reveaJed that there were no statisu'caJly significant differences

ANALYSIS OF VARIANCE TABLE FOR AVCONSMP
SOURCE OF SS MS F P

CROUP (A)
SEXfB)
A«B
RESIDUAL

7 280.870 40.1243
I 4423 JI 4423 JI

7 195.063 27.8662
80 2997.26 37.4658

1.07 O3900
118.07 0.0000
0.74 0.6377

TOTAL 95 7896.71

TLTCEY (HSD1 PAIRW1SE COMPARISONS OF MEANS OF AVCONSMP BY
CROUP

DOSE HOMOGENEOUS
CROUP MEAN CROUPS

5
4
8
2
7
6
3
1

37.612
33.929
33.883
33.622
33-522
33.337
31667
31.097

THERE ARE NO SIGNIFICANT PAKWISE DIFFERENCES AMONG THE
MEANS.

CRITICAL Q VALUE 4.401 REJECTION LEVEL 0.050
CRITICAL VALUE FOR COMPARJSON 7.7762
STANDARD ERROR FOR COMPARISON 14989
ERROR TERM USED: RESIDUAL. 80 OF

Table 4-1. Results of Two-factor ANOVA for average water consumption.
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Average Water Consumption (Male)

J
J
J
1
J
J
J
J

i

ar

t E ! i

group
«• ca«*a

Figure 4- 1 . Boxplots of male rat average water consumptioa by dose group.

Average Water Consumption (Female)

J_
AWCSMPl AUCSMPa AWCSf AWC3HP4 AVC3NP3 AUCXIV« AUCS»^7

group

Figure 4-2. Boxplots of femaJe rat average water consumption by dose group.
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between the groups with regard to dose, indicating that the concentration of AP in the

water was not sufficient to decrease the consumption rate. However there were

differences with regard to sex (Table 4-1). The P value for sex was much less than .05

indicating that the maJe consumption rate is different from that of the female. The

average water consumption was used to determine the actual dose administered

(Table 4-2).

Group
Control

Very Low
Low

Med. Low
Medium

Med. High
High

Very High

No. of Animals
Males Females

6
6
6
6
6

.6
6
6

6
6
6
6
6
6
6
6

AP Cone.
(rog/L)
0.00
1.25
5.00
12.50
25.00
50.00
125.00
250.00

AP Target Dose
(mg/kg/day)

0.0
0.125
0.5
1.25
2.5
5.0
12.5
25.0

APDose (mgAg/day)
Males Females

0.0
0.110
0.443
1.112
2.263
4.321
11.443
22.157

0.0
0.124
0.466
1.232
3.063
4.912
11.469
24.863

TABLE 4-2. Ammonium perchlorate dose by group.

Body Weight Gain

The body weight gained per dose group is shown in figures 4-3 and 4-4. The two-

factor ANOVA indicated that there were no statistically significant differences between

dose groups, indkatingjthat the concentrations of AP did^not affect appetite. However

there were differences with regard to sex. The P value of .0001 for sex was much less

than o=.05. The male rats gained more weight than the female rats. No interaction

between dose and sex was observed indicating that both sexes responded in the same way

to the dosing.
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Body Weight Coin In Made FUt* (2 wpeia)

-TSL
Figure 4-3. Boxplots of male rat body weight gained by dose group.

_____Body Weight Gain in Pern Rata (2 week»)

I

WTOAIMt MTONINB WTIMIH3 WTOMIN4 WTOMIMS MTOAtN* HTOMIWr MTtt

JT22.

Figure 4-4. Boxplots of femaJe rat body weight gained by dose group.
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ANALYSIS OF VARIANCE TABLE FOR WTCAIN
SOL-ROE OF SS MS F

SEX (A) I I463E+05 I.463E*OS 12986 0.0000
CROUP (B) 7 1515.72 216532 0.19 0.9*51
A*B 7 1476.96 210.995 0.19 0.9861
RESIDUAL 80 90147.9 1126.85

TOTAL 95 2J95E«05

TUKEY rHSD) PA1RWISE COMPARJSONS OF MEANS OF WTCAIN BY CROUP
DOSE HOMOGENEOUS

GROUP MEAN GROUPS

4
I
5
6
2
7
8
3

66.033
65.608
63.192
63.000
58J75
56.883
56J75
55J83

THERE ARE NO SIGNIFICANT PAJRWISE DIFFERENCES AMONG THE
MEANS.
CRITICAL Q VALUE 4.401 REJECTION LEVEL 0.050
CRITICAL VALUE FOR COMPARISON 41646
STANDARD ERROR FOR COMPARISON 13.704
ERROR TERM USED: RESIDUAL. 80 DF

Table 4-3. Results of Two-factor ANOVA for body weight fain.

Thyroid/Body Weight Ratio

Thyroid/body weight ratio data are shown in figures 4-5 and 4-6. Two-factor

ANOVA indicated that there were differences among the means with respect to dose and

sex. No interaction was observed indicating that males and females reacted similarly to

the dosing (Table 4-4). Tukey's test for multiple comparisons revealed that the ratio for

dose groups-land& increased and were statistically significantly different from the

control group (Table 4-4).
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Thyroid/Body Weight Ratio (Mala)
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GROUP
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Figure 4-5. Boxplots of male thyroid/body weight ratios by dose group.

Thyroid/Body Weight Ratio (Female)
i.a

t.«H
CM

tao
X «>.•.

GROUP

Figure 4-6. Boxplots of female thyroid/body weight ratios by dose group.
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ANALYSIS OF VARIANCE TABLE FOR RATIO

SOURCE

GROUP (A)
SEX(B)
A'B
RESIDUAL

OF SS

7 9.I23E-07
I 3.42SE-07
7 2.S4IE-07

MS

1.304E-07
3.425E-07
40S9E-OS

3.76 0.0000
13.14 0.0002
1.79 0.0992

TOTAL

80 1.810E46 1262E-08

93 3J49E-O6

TUKEY fHSD) PAIR WISE COMPARISONS OF MEANS OF RATIO BY GROUP
DOSE HOMOGENEOUS
GROUP MEAN GROUPS

t
7
6
4
5
2
3
1

147E-04
7.64EXM
7J6E44
6J6E-O4
6.24E-04
3.I7E-04
5.67E-04
5.66E-04

I
II
I I I
- I I
.II
- I I
._!
.-.I

THERE ARE 3 GROUPS IN WHICH THE MEANS ARE
NOT SIGNIFICANTLY DIFFERENT FROM ONE ANOTHER.
CRITICAL Q VALUE 4.401 ' REACTION LEVEL
CRITICAL VALUE FOR COMPARISON 1.91 IE-04
STANDARD ERROR FOR COMPARISON 6.1406-03
ERROR TERM USED: RESIDUAL. 80 DF

0.050

Table 4-4. Results of two-factor ANOVA for thyroid/body weight ratio.
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Thyroid Hormone Levels

Two-factor MANOVA was used to determine relationships between thyroid

hormone levels. The results of the MANOVA are condensed in table 4-5.

Thyroid
Hormone

Tg
rT3
T3

TSH
T4

P-Value
(Dose)
.0001
.0001
.0001
.0001
.0006

P-Value
(Sex)
.2321
.6923
.0001
.0001
.0001

P-Value
(Dose'Sex)

.0001

.4104

.0001

.0001

.2909
Table 4-5. Results of two-factor MANOVA.

The results show that the null hypothesis for dose is rejected for every hormone indicating

that dose does have a statistically significant impact on their levels. The sexes within

dose groups were statistically significantly different in T3, TSH, and T4. In addition, the

null hypotheses for interaction for Tg, T3 and TSH were rejected, indicating that the

sexes were not similarly affected by the dosing. Therefore, MANOVA was used to

evaluate the sexes separately.

Males

The correlation matrix for males was as follows (Fig. 4-7) (SAS output):

Correlation Analysis/Pearson Correlation Coefficients
HTC *T3 TJ TSH T4

HTO 1.00000
00

RT3 OJ2190 1.00000
0.0001 04

T3 -0.770*9 -0.76134 140000
0.0001 0.0001 0.0

TSH 0*3526 OJOI32 4JU* 140000
0.0001 0.0001 04001 04

T4 -0.45956 -OJ553S O21192 -0.34479 1.00000
04010 0.0132 a 14*2 0.0164 04

Figure 4-7. Correlation matrix for male rats.
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The correlation matrix showed a strong negative relationship between T3 and TSH. This

supports the literature findings.

Females

The correlation matrix for females was as follows (SAS output):

Correlation Analysis/Pearson Correlation Coefficients

HTC *TJ T3 TSH T4
HTC 1.00000

0.0
RT3 0.66152 1.00000

0.0001 0.0
T3 -0.74760 4.62200 100000

0.0001 0.0001 0.0
TSH 0.93962 0.63639 -ft<74ll 1.00000

0.0001 0.0001 0.0001 00
T4 -0.00163 0.14767 -OJOOI7 -0.02362 140000

0.9911 OJI63 0.1723 O.K27 OuO

1

Figure 4-8. Correlation matrix for female rats.

The correlation matrix for females showed a strong negative relationship between T3 and

TSH. This also supports the literature findings.

The MANOVA revealed that there was a statistically significant relationship

between dose and hormone levels and that the sexes were affected differently. Based on

this information sigmoid functions were used to fit the data as closely as possible. These

models were then tested for lack of fit.

All the thyroid hormone levels were affected by dose (Table 4-5). Capen (1992)

statedjhatjhe lowest dose which lowers T3 and/or T4 and simultaneously increases TSH

coujdjbe considered the threshold dose. Therefore, although all the hormone levels are

discussed in the next few sections, only those functions used to fit the data for T3 and

TSH will be discussed. T4 showed a statistically significant affect from dose, but there

was no dose-response relationship.
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Thyroglobulin (Tg)

Tg increased consistently with dose (Figs. 4-9 and 4-10). Since iodized Tg is

needed to make .MIT and DIT, which combine to form T3 and T4. the negative feedback

mechanism could have tnggered a response to produce more Tg based on declining T3

levels.

Group

Figure 4-9. Boxplols of male Tg levels by dose group.

Ftoaate H»t»

Group

Figure 4- 1 0. Boxplots of female Tg levels by dose group.
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Reverse Triiodothyronine (rT3)

rT3 also increased consistently with dose (Figs. 4-11 and 4-12). Since rT3 is

formed from T4 in the peripheral tissues and has no known function, except to prevent

the formation of T3. An increase in rT3 could have contributed to the depletion of T3.

l>O Ifafe

Croup

Figure 4-11. Boxplots of male rT3 levels by dose group.

1

Figure 4-12. Boxplou of female rT3 leveb by dose group.
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jcugh T4 showed a statistically significant effect, there was no dose-response

relationship (njf. 4-13 and 4-14).

. Boxplo(jofii%eT4leveUby<)o«po«p.

Figure 4- 1 4. Boxplots of female T4 levek by dose
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Triiodothyronine (T3)

T3 decreased with dose (Figs. 4-15 and 4-16). The mean value for T3 in the

control group for females was 128.51 ngra/ml with a standard deviation of 8.99. The

mean value for T3 in the control group for males was 132.87 ngm/ml for females with a

standard deviation of 11.71.

13 ftet*

1

Group
49 «̂ M»

Figure 4-15. Boxplou of fcmak T3 levels by dose group.

13

u

Group

Figure 4-16. Boxplou of male T3 levels by dose group.
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Females

The MLE sigmoid function for femaJc T3 levels was as follows:

119
T3FemaJ< Dose )»138.364- 132.05 Dose

_ M* /132.0* "'Dose «• ( — — — ,

The relationship of the function to the data is displayed in figure 4-17.

'*f i i i i r

[ Two Standard Deviations Below Control Meaa

"*? .r««. iJios.ii* C §

f ' ! i
.„! i»' ———— • ——

0 »

in.

Sigmoid Function

i i i i
100 no JOD se

Figure 4-17. T3 dose-response data for females with fined sigmoid function.

The lack of fit test for the female T3 sigmoid function was as follows:

SS Pure Error
§S Lack of Fit
SS Error

DF
40
£
46

SS
1369.845284
762.156736
2132.00202

MS
34.2461321
127.026

Fcntial
3.709

FCLV! v2
2.34

Table 4-6. Table for T3 jigmoid function tack of fit test (females)

The value for Penned was computed by dividing the Mean Square Lack of Fit by the MS

Pure Error. Since 3.709 > 2.34, the null hypothesis was rejected in favor of the alternate.

Therefore, the function did not accurately characterize the data and could not be used to

obtain a 95% confidence interval.
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Males

The MLE sigmoid function for male T3 levels was as follows:

J

•
i

i
J
i

J

r
3
3
J

T3MaJe(Dose)»l4l.536-
136.68 Dose'

-Dos,

The relationship of the function to the data is displayed in figures 4-18.

Two Standard Deviations Below Control Mean

1 Sigmoid Function .
T . . . . . . .1

MD ISO

Figure 4-18. T3 dose-response data for nudes with fitted sigmoid function.

The lack of fit test for the male T3 sigmoid function was as follows:

SS Pure Error
SS Lack of Fit
SS Error

DF
40
6
46

SS
2529.145352
2262.14176
4791.28711

MS
63.2286
377.0236

^cnticri
5.96

Fo.Vl.Vj

2.34

Table 4-7. Table for T3 sigmoid function lack of fit test (males)

The value for Penned was computed by dividing the Mean Square Lack of Fit by the MS

Pure Error. Since 5.96 > 2.34. the null hypothesis was rejected in favor of the alternate.

As with the females, the function did not accurately characterize the data and could not be

used to calculate an upper 95% confidence interval.
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Thyroid Stimulating Hormone (TSH)

A very clear relationship between dose and TSH levels was observed (Figs. 4-19

and 4-20). The mean vaJue for TSH in the control group for females was 11.251 ngm/ml

with a standard deviation of .4780. The mean value for TSH in the control group for

males was 14.472 ngm/ml with a standard deviation of 1.1547.

TSH

Group

Figure 4-19. Boxplots of male TSH levels by dose group.

19i

Group

Figure 4-20. Boxplots of female TSH levels by dose group.
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Females

The MLE sigmoidaJ function for female TSH is as follows:

i onrcmiia, LAjic j i

J
[^."•.(IHEp

, The relationship of the function to the data is displayed in figure 4-21.
J
J
1 • "

J TSHFd. 11

J

1

l

— ""j-,-i i

i i i i

, Sigmoid Funcboi •
. . . . ... .............. ̂

r - - • - - - - - . - . . , ^
1 Two Standard Deviations Above Control Mean

,L —————— L —————— 1 —————— I —————— 1 —————— L
MO U( m DO

nxu|..

^_. Figure 4-2 1 . TSH dose-response dau for females with fitted sigmoid function.

J
-i The lack of fit test for the female TSH sigmoid function was as follows:

"1 SS Pure Error
^ SS Lack of Fit

SS Error
|

DF SS
40 60.9892939
6 500.556979
46 561.5462732

MS • critic^ Fj
1J247 54.72 2.
83.4261632

Table 4-8. Table for TSH sigmoid function lack of fit test (females)

1
The value for Fentiai was computed by dividing the Mean Square Lack of Fit b}

1 Pure Error. Since 54.72 > 2.34, the null hypothesis was rejected in favor of the

Once again, the function did not accurately characterize the data. This time it was

soundly rejected
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Males

The sigmoidaJ function for maJe TSH is as follows:

TSHMa!e<Dose) = 14. 20.157 Do« 1.417

1.417

The relationship of the function to the data is displayed in figure 4-22.

I
Sigmoid Function •

Two Standard Deviations Above Control Mean

Figure 4-21 TSH dose-response data for males with fined sigmoid function.

The lack of fit test for the male TSH sigmoid function was as follows:

SS Pure Error
SS Lack of Fit
SS Error

DF
40
6
46

SS
218.8194058
329.090418
547.9098236

MS
11.911
54.848403

Feribed
10.0262

Fo.vl.Vj

2.34

Table 4-9. Table for TSH sigmoid function lack of fit lest (males)

The value for f^oat was computed by dividing toe Mean Square Lack of Fit by the MS

Pure Error. Since 10.02 > 2.34. the null hypothesis was rejected in favor of the alternate.

Therefore, the function did not accurately characterize the data.

An upper 95% confidence interval for the sigmoid function could not be

determined because the functions were not able to accurately characterize the data.
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Therefore, a threshold value could not be determined with the data from this study.

However, Tukey's method for multiple comparisons was performed In order to determine

the NOAEL values for T3 and TSH. The results are as follows:

T3

Tukey's test for multiple comparisons for female T3 hormone levels revealed that

group one was sta^stica]lyjignjficanUyj$ groups (Table 4-10).

STATBTOC 4.1 HOftMFEM
TUKEY (HSD) PARWBE COMPARISONS OF MEANS OF T3 BY DOSE

HOMOGENEOUS
DOSE MEAN GROUPS

0
1
5
12
29
SO

121.91 1
14.600 . 1
14.074 .1
10.676 .11
79JOO . I I I
71460 - I II

129 6IJ4S __ll
290 66.401 __ I

THERE ARE 9 GROUPS M WHICH THE MEANS ARE
NOT SIGNIFICANTLY DflTEREKT PROM ONE ANOTHER,

CRITICAL Q VALUE 4J20
CRmCAL VALUE FOR COMPARISON 10.799
STANDARD ERROR FOR COMPARISON 3 J7I7

RETECT1ON LEVEL 0090

Table 4-10. Tukey's test for multiple comparisons for female T3 levels.

Therefore, the NOAEL in this experiment for T3 in female rats is the control.
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Tukey's test for multiple comparisons for male T3 levels revealed that groups one and

rwo were statistically the same (Table 4-11).

STATTSTK4 I HORMMALE

TUKEY (HSD) PAIR WISE COMPARISONS OF MEANS OF T3 BY DOSE

HOMOGENEOUS
DOSE MEAN GROUPS

5
12
25
90
125
290

131*7
12402
10547
90.459
75.417
7O690
66.465
65.936

I
I
.1

THERE ARE 4 GROUPS IN WHKH THE MEANS ARE
NOT SIGNIFICANTLY DIFFERENT FROM ONE ANOTHER.

CRITICAL Q VALUE 4.530 REACTION LEVEL 0.050
OUTICAL VALUE FOR COMPARISON 14.674
STANDARD ERROR FOR COMPARISON 4 J909

Table 4-11. Tukey's test for multiple compahioai for mak T3 leveia.

The NOAEL in this experiment for T3 in male rats was. 11 mg/kg/day.
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3
1
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Tukey's test for multiple comparisons for female rats revealed that groups one and two

were statistically the same (Table 4-12).

STATTSTK 4. 1 HORMFEM

TUKEY (HSD) PAJR WISE COMPARISONS OF MEANS OF TSH BY DOSE

HOMOGENEOUS
DOSE MEAN GROUPS

230 29926 I
125 22.903 .1
SO 19234 _l
23 I7.M3 _ll
12 I5J3S _II
t 14.5*4 — — I I
I 13.031 ___II
0 11231 ———I

THERE ARE 7 GROUPS IN WHICH THE MEANS ARE
NOT SIGNIFICANTLY DIFFERENT FROM ONE ANOTHER.

CRmCALQ VALUE 4.520 REJECTION LEVEL 0.050
OUTCAL VALUE FOR COMPARISON 12717
STANDARD ERROR FOR COMPARISON a? 129

Table 4- 1 2. Tukey's test for multiple companions for female TSH levels

Therefore, the NOAEL in this experiment for TSH in female rats is . 124 rag/kg/day.

1

3
1
1
1
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Tukey's lest for multiple comparisons for male rats revealed that dose groups one, two

and three were statistically the same (Table 4-13).

STATCTIX4I HORMMALE

TUXEY (HSD) PAIR WISE COMPARISONS OF MEANS OF TSH BY DOSE

HOMOGENEOUS
DOSE MEAN GROUPS

250 37.444 I
125 33.960 II
50 31.147 .1

30.236 .1
y)33P _|
16.919 -II
15022 —I
14472 _ I

23
12
5

THERE ARE 4 GROUPS IN WHICH THE MEANS AR£
NOT SIGNIFICANTLY DIFFERENT FROM ONE ANOTHER.

CRITICAL Q VALUE 4.320
CRITICAL VALUE FOR COMPARISON 4J162
STANDARD ERROR FOR COMPARISON IA504

REACTION LEVEL 0.050

Table 4-13. Tukey's test for multiple cotnparuoas for mak TSH levels.

Therefore, the NOAEL in this experiment for TSH in male rats is .44 mg/kg/day.

A summary of the NOAELs is presented in table 4-14.

Dose Groups Statistically Significantly Equal to the Control

T3
TSH

MALE
.11 mg/kg/day
.44 mg/kg/day

FEMALE
None

.124 mg/kg/day
Tableau. Summary of NOAELj for T3 and TSH.

H A summary of the results, conclusions and recommendations are presented in

chapter 5.
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1
•— --' V. Conclusions and Recommendations

I Overview

m The primary objective of this research was to determine toxicity information to

establish permissible exposure levels of ammonium perchlorate (AP). Sprague Dawley

' rats were exposed to varying concentrations of AP in their drinking water for a two- week

1 period. The rats were then sacrificed and their hormone levels were measured via
•

radioimmunoassay. The goal of the statistical analysis was to determine a threshold dose

based on the hormone level data. The sigmoida! function did not accurately characterize

the data. However, the NOAEL for AP on TSH levels was 0.443 mg/kg/day for the male

• rats and 0. 1 24 mg/kg/day for the female rats.

Summary of Findings

1 Average water consumption
*

AP did not have a statistically significant affect on the average water consumption
1

of either sex at the concentrations administered.

"** Body weight gain

AP did not have a statistically significant affect on the body weight gain of either

sex. Both sexes gained weight in the same manner over the two-week period.



J
I Thyroid/Body weight ratio

-i AP had a statistically significant affect on the thyroid/body weight ratios of the rats

exposed 1 1.4 mg/kg/day and higher. The thyroid/body weights in these dose groups

, ' experienced an increase in thyroid body weight ratios as compared with the control group.

1 Thyroid hormone levels

AP had a statistically significant affect on the thyroid hormone levels in both sexes

and the sexes were not affected in the same way. Triiodothyronine (T3) levels in male and

J female rats feO, Thyroxine (T4) levels remained relatively unchangea. • Reverse

_ Triiodothyronine (rT3), Thyrotropin (TSH), and Thyroglobulin (Tg) aQ increased in both

males and females.

J Data

- The data derived from the two-week study could not be used to establish a dose-

response function in order to extrapolate the dose level which corresponds to two

J standard deviations above the mean hormone level for the control group. It appeared that

1 the dose range was not optimum and that lower doses were needed. However, a Tukey

comparison of means revealed a NOAEL of .44 mg/kg/day for the male rats and . 124

mg/kg/day for the female rats. These results are consistent with the assumption made by

] DoHarhide (1992) that . 14 mg/kg/day was the NOAEL for perchlorate. Based on these

-. NOAELs a RID of 4. 133 X 10"* is recommended. This reference dose proposes an

uncertainty factor of 300. Ten for the use of less than a chronic study, ten for the

J protection of sensitive individuals and three for the application of animal data to humans.

J



J Since Capen (1992) has shown that the rat thyroid is more sensitive than the human

thyroid, the later uncertainty factor was halved on a log scale to 3.
~*

\ Future Research

1 Although there was enough data to establish a NOAEL for AP, more research is

needed in order to determine the estimated threshold dose. Future studies should establish

• dose ranges around an estimated threshold between. 124 mg/kg/day and .46 mg/kg/day.

J In addition, the NOAEL should not be divided by overly conservative safety factors in

— Ught of this study's NOAEL which confirms the range assumed by the EPA and because h

is now known that the rat thyroid is more sensitive than the human (Capen, 1992).

3

]

]

]
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NOTE: This assessment was prepared for the sponsors by an
independent party. It has been included in this package to demonstrate
alternative approaches that have been taken in the development of a RfD
for perchlorate. The RfD in this report is not subject to review at this
meeting; it has been included for informational purposes only. TERA does
not necessarily agree or disagree with the conclusions of this report.
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EXECUTIVE SUMMARY

This document establishes 4 mg/L as a risk-based safe level for
perchlorate in groundwater at the Aerojet site in north central California.
This risk-based safe level is based upon the assumption that a resident
drinks two liters and bathes in this water daily. The perchlorate anion
(C1CV) exists on the Aerojet site mostly in the form of ammonium
perchJorate (NH4C1O4), although 4 mg/L is also safe for other perchlorate
salts.

When consumed at high doses for prolonged periods, perchlorate
exacerbates the frequency of thyroid cancer. However, its mechanism of
carcinogenesis is clearly understood and requires the growth of the
thyroid gland into a goiter as an intermediate step. Below the goitrogenic
dose there are no carcinogenic risks from perchlorate exposure.

A reference dose (RfD) of 0.12 mg/kg/day has been calculated for
perchlorate on the basis of noncardnogenic adverse health effects, and this
RfD is used to derive the risk-based safe level of 4 mg/L in groundwater
as presented in this report. The RfD is derived from the plethora of
human data from Graves' disease patients treated with high doses of
perchlorate as well as toxicologic studies of animals treated with lower
doses of perchlorate. It allows for incorporation of a 100-fold safety factor
in determination of a safe dose.

For determination of 4 mg/L as a safe level of perchlorate in groundwater
at the Aerojet site, two exposure pathways have been considered:

• Ingestion of groundwater at two liters per day; and

• Dermal contact with groundwater during bathing.

Since perchlorate penetrates skin poorly, the latter pathway contributes
insignificantly to total potential risk. Groundwater ingestion
predominates as the major pathway of significance. The safe level of
4 mg/L in groundwater is ten times the 0.4 mg/L detection limit for
perchlorate.
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SECTION 1

INTRODUCTION

The purpose of this document is to establish a safe level of perchlorate in
groundwater. Following a discussion of toxic mechanisms, a safe level of
perchlorate in groundwater is derived based upon its calculated reference
dose and potential human exposures through ingestion and dermal /
contact. AppendiJC A of this document explores the toxicology of \s
perchlorate more completely and presents a glossary of technical terms. A
complete list of references may be found at the end of this report.

Perchlorate has been used in the past as an oxidizer in rocket propellants,
and residual concentrations are found in groundwater at the Aerojet site.
Although perchlorate has been utilized medicinally to treat hyperthyroid
patients, there is not an extensive environmental reference base for
perchlorate toxicity. Since it has been shown to increase thyroid cancer
frequency when fed to test animals at high doses and since it is highly
water soluble, there has been some concern as to what constitutes a safe
level in groundwater. Present analytical techniques are not capable of

pleasuring perchlorate below 0.4 mg/L in water samples.

The reason that perchlorate (ClO^) is useful in rocket fuel is that it is very
active as a oxidlzer (i.e., it gives up the 4th oxygen quite readily). If
reducing agents are encountered in the environment, perchlorate is
readily reduced to chlorate (ClOs*). As will be shown, all perchlorate
toxiciries are mediated by its action on the thyroid. Since the chlorate
anion has no effect upon the thyroid gland, it is not toxic Perchlorate salts
are freely water-soluble and dissociate such that the toxicologies of
various salts (NH4, Na, K, etc) are very similar.

1-1
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SECTION 2

TOXICOLOGY OF PERCHLORATE (OVERVIEW)

The perchJorate anion (C1O.T) blocks iodine uptake through competitive
binding with the iodide transporter. When consumed at high doses for
prolonged periods, perchlorate exacerbates the frequency of thyroid
cancer. However, its carcinogenic mechanism is dearly understood and
requires prolonged hyperthyroid growth (goitrogenesis). There is no
carcinogenic risk if exposures to perchlorate are below the goitrogenic
threshold dose. . , _

«— uHn.li t> f
Therefore, a human reference dose (RfD) of 0.12 mg/kg/day has been
derived based upon noncarcinogenic toxicities of perchlorate and the
application of appropriate safety factors. The 0.12 mg/kg/day RfD for
perchlorate is utilized herein to derive a safe residual level in groundwater
based on ingestion and dermal contact. Specific calculations for each
route of exposure are presented in Section 3; Section 4 summarizes the
results of the risk calculations.

The available epidemiologic and experimental data in support of this RfD
for perchlorate are detaile 1 and referenced in Appendix A of this report.
These toxicological data for perchlorate include interspedes comparisons,
sexual differences, genotoxic, developmental and reproductive data, as
well as a discussion of potential target organ sites other than the thyroid
gland. A glossary of technical terms is provided at the end of this report

Available toxicological data for perchlorate is very consistent based on
several human studies and animal experiments. The highest No Observed
Adverse Effect Level (NOAEL) and lowest Lowest Observed Adverse
Effect Level (LOAEL) data in humans, rats and other animals are within
an order of magnitude, with 12 mg/kg/day representing a
"NOAEL/LOAEL interface" in healthy human volunteers.

Males and females have equivalent-sensitivities to perchlorate toxicity.
Only the thyroid gland is adversely affected by perchlorate doses which
are below gram/day levels in humans. The NOAELforjeproductive and
developmental effects, including fetotoxiciry, is also well above the
threshold for perturbation of the thyroid-pituitary axis.

As defined by USEPA, data for the determination of reference doses
(RfDs) are best based upon the highest NOAEL available from chronic
studies in humans. Prior to Brabant's recent studies (Brabant et al 1992,

2-1
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1994. 1995), the best available human data were from Stanbury and
Wyngaarden (1952). However, there are several advantages to the more
recent Brabant studies:

• Brabant's subjects were normal healthy individuals, whereas Stanbury
and Wyngaarden's subject was hyperthyroid;

• Brabant used 10 subjects, whereas Stanbury and Wyngaarden studied
but one subject; and

• Brabant's studies were subchronic, whereas Stanbury and
Wyngaarden's study was acute.

As explained further in Appendix A, due to further experimentation in
1995. the Brabant et al (1994) NOAEL of 12 mg/kg/day is better
interpreted as a NOAEL/LOAEL interface, in that thyroid volumes
increased slightly but significantly during the fifth week of daily
administration of perchlorate at 12 mg/kg/day. Neither decreased T3/T4
nor increased TSH levels were observed in individuals who experienced
these slight increases in thyroid volume. Hench, 12 mg/kg/day is a
NOAEL for the thyroid-pituitary axis as normally defined, but a slight
LOAEL for thyroid volume. For the reasons stated above, this endpoint
would appear superior for RfD determination than the formerly utilized
LOAEL of 1.4 mg/kg/day from the study of Stanbury and Wyngaarden
(1952).

Thus, it is recommended that the NOAEL/LOAEL value of 12
mg/kg/day perchlorate be adopted as the basis for a reference dose with
application of two ten/old safety factors for subchronic-to-chronic
extrapolation and protection of potentially sensitive populations. Among
the potentially sensitive populations covered by incorporation of this
second tenfold safety factor are children. Thus, the reference dose derived
in this analysis is 0.12 mg/kg/day (i.e., 12 mg/kg/day * 100). The
threshold dose required for perchlorate-induced thyroid carcinogenesis is
above the 12 mg/kg/day dose which has been used to establish this RfD.
Hence, the question of carcinogenidty by perchlorate is moot, since the
reference dose chosen is protective of this as well as other thyroid-
mediated effects.

2-2
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SECTION 3

RISK ASSESSMENT FOR PERCHLORATE IN
GROUNDWATER BY EXPOSURE ROUTE

Potential risks to adults from exposure to 4 mg/L perchlorate in
groundwater are calculated for two routes of exposure: ingestion and
dermal contact. Evaluation of inhalation exposure to perchlorate in
ground water is not required since perchlorate is not volatile. Default
assumptions for exposure amounts via each route are discussed below
and annotated. These default parameters are based on an unrestricted use
scenario (i.e., that groundwater is used as drinking water for residential
housing or other similar use). For example, it is assumed that adults
spend their entire day at the site, which is overly conservative for the
adult on-site worker. Risk is defined as the hazard index, (i.e., the ratio of
dose via each exposure pathway to a safe reference dose). If the total
hazard index by both exposure routes exceeds one, adverse health effects
may occur as a result of the defined conditions of exposure.

Ingestion

There are many default values for groundwater ingestion. Ingestion of
two liters of water per day (2L/day) has been used routinely as a default
value for adults (USEPA, 1989; California, 1994), although other default
values may be used for children (USEPA, 1989; California, 1994). Use of
these factors (i.e., ingestion of 2 liters of water a day by a 70 kg adult) is
consistent with the approaches used by USEPA to derive drinking water
health advisories and to evaluate maximum contaminant levels (MCLs),
and is consistent with USEPA Region DCs calculation of tap water
preliminary remediation goals (PRGs). Default ingestion scenarios
assume total groundwater consumption, (Le., in coffee and other products
containing groundwater as well as for drinking water itself).

Using the default exposure assumptions developed by the California
Department of Toxic Substances Control (California, 1994) for an adult
under a residential scenario, the daily ingestion dose is calculated as
follows:

2L/day x 4 mg/L x 3?Q days/year t 24 years = 0.11 mg/kg/day
70 kg x 24 years x 365 days/year

3-1
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Since the reference dose for perchlorate is 0.12 mg/kg/day, the following
hazard index may be obtained:

Oil mg/kg/day-0.12 mg/kg/day = 0.913

Thus, for ingestion of groundwater, the proposed 4 mg/L level of
perchlorate results in a hazard index that is less than one. Hence, the
concentration is considered safe for an adult exposed to this concentration
via ingestion of groundwater under an unrestricted use scenario.

Dermal Absorption

Dermal absorption of contaminants in groundwater depends upon
multiple physical and chemical properties of the contaminant (USEPA,
1992). Important parameters which determine the extent of dermal
absorption of substances in groundwater include: size and molecular
weight, water solubility, permeability coefficient in aqueous media (Kp),
and octanol/water partitioning coefficient (Kow)-

Given that site groundwater is within the normal range of physical and
chemical parameters, the most important drivers of dermal absorption are
the combination of solubilities of a given contaminant in water and
organic solvents. Those contaminants which have infinite water and
organic solvent dissolution, such as dimethyl sulfoxide (DMSO), are
absorbed virtually 100 percent by skin. On the other hand, highly f olar or
highly apolar compounds are poorly absorbed by skin. For example,
addition of a nitrogen to the aromatic ring of benzoic acid to form
nicotinic acid increases polarity, renders it lipid insoluble and greatly
delimits dermal absorption (USEPA, 1992). Inorganic ions are more
highly polarized than nicotinic acid, and have limited solubilities in
organic solvents such as ether and ethanol; therefore, their dermal
absorptions are normally less than 10 percent and frequently less than
1 percent

Perchlorates (CKV) are freely soluble in water, but are insoluble in ether
and have limited solubilities in ethanol and methanol (Merck, 1983).
Water solubilities for four perchlorate salts at 25°C are within the range of
20-60 percent (CRC, 1996), as summarized below.

3-2
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Perchlorate Water Solubilities
(CRC, 1996)

PerchJorate Water Solubility f%)

Ammonium (NH4C1O4) 19.7

Lead (PbJClOJ:) 81.5
Nickel (NitClOJ:) 52.8
Sodium (NaClO4)________________67.2_____

Although no published Kp value for any perchlorate could be found, it is
probable that cadmium chloride (CdCh) is a reasonable surrogate. Like
perchlorates, cadmium chloride is freely soluble in water (54.6 percent at
25°C), insoluble in ether and slightly soluble in ethanol and methanol.
The permeability coefficient of cadmium chloride is 0.0012 cm/hr
(USEPA, 1992).

Given that various perchlorate salts, including ammonium perchlorate,
have relevant physical and chemical characteristics that are similar to
cadmium chloride, cadmium chloride represents a reasonable surrogate
valu*» for perchlorate. This approach is consistent with the methodology
recommended by USEPA (1992) for evaluation of inorganic constituents in
water.

If one assumes that an adult is dermally exposed through bathing to
4 mg/L perchlorate in groundwater at the Aerojet site, the following
equation pertains (USEPA, 1989; California, 1994):

DAD.GC x CT « SA x Kp x T x E F x E D
BW x ED x 365 days/year

Where:
DAD > Dermally absorbed dose (mg/kg/day)
GC * Groundwater concentration (4 mg/L)
CF » Conversion factor (10*^ l/on ̂ )
SA * Skin surface (23,000 on2, adult; California, 1994)
Kp » 0.0012 cm/hr
T « 0.14 hrs/day (California. 1994)
EF * Exposure frequency (350 days/year; California, 1994)
ED * Exposure duration (24 years, adult; California, 1994)
BW * Body weight (70 kg, adult; California. 1994)

3-3
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Thus, for an adult, the following dose may be calculated:

DAD = ix 10-3x23.000 x 00012 xQ 14 x 150 x ?4_ - 0.00021 tng/kg/day
70 x 24 x 365

Since the reference dose for perchlorate is 0.12 mg/kg/day, the following
hazard index mav be obtained:s

0.00021 mg/kg/day* 0.12 mg/kg/day = 0.002

Thus, the proposed 4 mg/L level of perchlorate in ground water results in
a hazard index that is well below one for an adult receptor exposed via
dermal contact under a residential scenario, and no adverse health effects
would be anticipated as a result of the defined exposure.

3-4
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SECTION 4

CONCLUSION

As detailed in Appendix A, a reference dose (R/D) of 0.12 mg/kg/day has
been derived for perchlorate. This RfD has been utilized in the previous
section to calculate potential risk from 4 mg/L perchlorate in groundwater
for an adult by ingestion and dermal exposure under an unrestricted land
use scenario. The foregoing calculations yielded the following hazard
indices:

Exposure Route
Ingestion
Dermal contact
TOTAL

Hazard Index

0.913
0.002
0.915

As shown above, the maximum total hazard index (0.915) is less than one.
Four mg/L per :hlorate was derived as the concentration in ground* ater
that would present no risk by ingestion and dermal contact based upon
the reference dose of 0.12 mg/kg/day. It should also be noted that only if
individuals drank and bathed in water containing 100 times this
concentration (400 mg/L perchlorate) each day for over one month would
the first signs of thyroid roxicity appear (Brabant, 1994).
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SECTION Al

INTRODUCTION

Overview of Perchlorate Toxicity

Perchlorate, ClO-i', is an anion which forms salts with most cations.
Monovalent cation salts of sodium (NaClQt), potassium (KC1O4) and
ammonium (NHjClC^) perchlorate have found wide use as rocket
propellants, ignitable sources and, medicinally, for control of
hyperthyroidism. Perchlorate is still used today for the control of hyper-
thyroidism in Germany. Since perchlorate salts all dissociate completely
when dissolved in water or aqueous tissues, their toxidties are equivalent
(although doses must be adjusted slightly to account for molecular weight
differences of the cations). As will be annotated further below, the sole
toxicologic mechanism of perchlorate in the 1-10 mg/kg/day dose range
in a variety of mammalian systems is to block iodine uptake by the
thyroid gland.

USEPA has adequately dismissed the issue of thyroid carcinogenicity by
perchlorate (USEPA, 1988; Hill et al, 1989; USEPA Risk Assessment
Forum, in press). Perchlorate is nongenotoxic and its mechanism for
thyroid carcinogenesis requires long-term exposure to very high
concentrations. The USEPA has concluded that perchlorate and other
thyroid carcinogens have carcinogenic threshold concentrations.

As spelled out further below, perchlorate, like many other thyroid
carcinogens, acts by blocking iodine uptake and inducing goitrogenesis
via chronic exposure. Similarly, a mere lack of iodine in the diet increases
risk for thyroid cancer also mediated through goitrogenesis. The fact that
the cardnogenicity of perchlorate may be mimicked by iodine deprivation
not only defines its mechanism of action but also indicates a dose-
response relationship which contains a threshold (i.e., that perchlorate
dose which blocks iodine uptake sufficiently to cause goiter formation).
The mechanism for thyroid carcinogenesis by those agents which block
iodine uptake has been recently reviewed (Thomas, 1994).

Since the threshold dose for perchlorate induction of goiter formation is
quite high, other lower toxic doses are more useful in setting safe levels
based upon noncarcinogenic activities. However, it should be noted that

AM



D R A F T PRIWLEGED A.VD CO VF/DE.VTML

virtually all toxicities associated with perchlorate are mediated by its
adverse effect on hormone synthesis by the thyroid gland.

Perchlorate Carcinogenicity and Goitrogenesis

The USEPA Risk Assessment Forum has discussed overall mechanisms of
thyroid follicular cell carcinogenesis by goitrogens which block iodine
uptake (USEPA, 1988; Hill et al, 1989; USEPA in press). Experimental
perchlorate thyroid carcinogenesis requires goitrogenesis and, hence, is
mediated by the same iodine-blocking mechanisms which cause
depression of triiodothyronine (T3) and thyroxin (T4) along with elevation
of thyroid stimulating hormone (TSH). These are the cardinal signs of
disturbance of the thyroid-pituitary axis. If the thyroid-pituitary axis is
not disturbed, there is no carcinogenic risk. Animals treated with
perchlorate at carcinogenic levels are prevented from thyroid
carcinogenesis if given exogenous T3/T4 (Paynter et al, 1988). Hence, the
threshold concentration of perchlorate below which there is no depression
of T3/T4 with TSH elevation is completely protective for carcinogenesis.

Both the Paynter et al (1988) and Hill et al (1989) papers represent
USEPA's endorsement of a threshold mechanism for thyroid follicular
carcinogenesis which depends upon goitrogenesis resulting from
derangement of the thyroid-pituitary axis, (i.e., depressed T3/T4 with
elevated TSH). For these reasons, despite USEPA's classification of B2
carcinogeniciry, there is no carcinogenic risk from perchlorate at levels
below the NOAEL for disruption of the thyroid-pituitary axis. Hence,
carcinogenesis as an endpoint will not be discussed further in this paper
and the discussion instead will focus on setting a reference dose (RfD) for
noncarcinogenic effects.

NOAEL/LOAEL Values for Noncarcinogenic Effects

Reference doses (RfDs) for the protection of human health are optimally
derived from human data, if available. Because of its widespread use in
the chemotherapy of hyperthyroidism, as much human data exists for
perchlorate as for any other potentially toxic substance. For other less well
studied toxicants, precise dosimetry is derived from animal experiments
and adjusted for human risks via application of safety factors (Dourson,
1994). Critical values in the determination of safe doses are the NOAEL
(No Observed Adverse Effect Level) and LOAEL (Lowest Observed
Adverse Effect Level), the highest dose showing no adverse health effect
and the lowest dose showing such an effect, respectively.

A1-2
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A careful compilation of available studies of the perchlorate toxicity
database shows a consistency of effects across species and sensitive
individuals with NOAEL and LOAEL values agreeing within the same
order of magnitude. Hence, it is recommended that no safety factors
should be used for database insufficiency or for interspecies extrapolation
(see further discussion in Section 5).

Al-3
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SECTION A2

STUDIES OF PERCHLORATE TOXICITY
IN HUMANS

Most studies of perchlorate in humans and experimental animals have
utilized doses >5 mg/kg/day; fewer contain the low dose information
relevant to the establishment of a dose-response relationship between
perchlorate exposure and disturbance of the thyroid-pituitary axis, which
is the most sensitive measure of perchlorate toxicitv. Much of the human
data concerning perchlorate toxicity come from case studies of
hyperthyroid patients treated with perchlorate to reduce thyroid volume.
There are less data concerning NOAEL and LOAEL values in healthy
humans. The one epidemiologic study of perchlorate workers could not
discern the effects of perchlorate itself, since many chemical exposures
existed simultaneously (Rockette and Arena, 1983).

Studies in Normal Human Volunteers

Three srucJes of normal human volunteers treated with perchlorate exist.
They are Brabant et al (1992, 1994, 1995), Burgi et al (1974) and Shigan
(1963). These studies are summarized below.

Brabant et al (1992.1994.1995)

Perchlorate continues to be utilized in Germany for the control of
hyperthyroid ism. Dr. Georg Brabant, a clinical endocrinologist at the
Medizinische Hochschule in Hanover, has been conducting research into
the mechanisms of perchlorate action for the past five years. In the
Brabant et al (1992) study, five healthy male volunteers in their mid-20s
were treated for four weeks with 200 ug/day iodine followed by 900
mg/day (12 mg/kg/day) perchlorate for an additional four weeks. T3/T4
and T5H levels were followed during a 24 hours period at the end of both
iodine and perchlorate treatments. T3/T4 levels were not altered by
perchlorate treatment and TSH levels decreased slightly during the four
weeks on perchlorate. Hence, from the published Brabant et al (1992)
study, a human NOAEL for perchlorate for perturbation of the thyroid-
pituitary axis appears to be 12 mg/kg/day.

A2-1
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Brabant et al satisfied the above former technical definition of a NOAEL
for perchlorate induction of hypothyroidism (lack of T3/T4 depression, no
elevation of TSH). In further experiments with healthy male volunteers.
Brabant et al (personal communication, 1994, 1995) have shown that
treatment with 12 mg/kg/day perchlorate for longer than four weeks
results in a slight, but statistically significant increase in thyroid volume
for all treated human subjects, even though TSH is never seen to increase.
Their interpretation is that enhanced thyrocyte sensitivity to TSH is an
adaptive response which is as important as increased TSH levels in the
human response to inhibited iodine uptake. Hence, 12 mg/kg/day may
be interpreted as a human NOAEL/LOAEL, (i.e., at the interface between
NOAEL and LOAEL values), rather than as a strict NOAEL per se.

Dr. Brabant is in the process of writing up his latest research for
publication in a peer-reviewed journal (Brabant, in press). Within the past
year his group has realized that subtle, diurnally adjusted changes in
thyroglobulin levels may be the most sensitive index of perchlorate
activity. It is anticipated that this endpoint may allow precise titration of a
human NOAEL. In addition, longer term followup of his volunteer cohort
after cessation of perchlorate treatment has shown that slight increases in
thyroid volumes quickly return to normal.

Burgi et al (1974)

Burgi et al (1974) examined the effect of 200 mg perchlorate adm'nistered
three times daily for one week to five healthy volunteers on the fate of
radioiodines administered 17 days (as iodine-125) and 6 days (as iodine-
131-thyroxin) previously. Average weight of these five volunteers was
61.8 kg. Burgi et al's complicated protocol was designed to determine if
perchlorate could displace all incorporated radioiodines from the human
thyroid gland. Since part of the endogenous radioiodine was purged from
thyroid glands in this study, 9.7 mg/kg/day is calculated as a LOAEL
sufficient for disturbance of the thyroid-pituitary axis,

Shigan (1963)

Shigan (1963) utilized urinary excretion of administered iodine-131 as a
measure of iodine uptake in normal human healthy volunteers fed
ammonium perchlorate. Four of five volunteers had increased urinary
excretion of iodine-131 following ingestion of 2.9 mg/kg/day, which is a
LOAEL in this study. Further details concerning this Russian study are
not available, but these human data compared favorably with
experimental data from rats reported in the same paper (see discussion
below).

A2-2
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Studies in Hyperthyroid Patients

Although case studies are somewhat useful in the absence of valid
epidemiologic data, they are limited in their statistical power. For all but
one patient, who was exposed to perchlorate for only a few hours,
treatment was prolonged at very high doses of perchlorate and
determination of NOAEL or LOAEL levels is precluded. The one
exception comes from the short-term study of Stanbury & Wyngaarden
(1952) in which one hyperthyroid patient showed a LOAEL of
1.4 mg/kg/day and a NOAEL of 6.14 mg/kg/day.

Chronic treatment of Graves' disease patients with high levels of
perchlorate has resulted in agranulocytosis and aplastic anemia. It is most
likely that secondary chronic effects of perchlorate administration are
mediated by loss of T3/T4 and the hormonal effects of subnormal
triiodothyronine and thyroxin levels on bone marrow production of blood
cells. Higher levels of perchlorate are required for methemoglobulinemia
and irritation of oral or gastric mucosa, eyes or skin. Hence, overall, levels
that are protective for thyroid-pituitary axis dysfunction (i.e., those
endpoints utilized for NOAEL/LOAEL/RfD calculations), are protective
for all known adverse effects of perchlorate.
In patients treated with perchlorate at >15 mg/kg/day for Graves'
disease, some skin rashes (6/240), nausea (5/240) and agranulocytosis
(1/240) were seen (Crooks and Wayne, 1960). Additional cases of
agranulocytosis were also described by Barzilai and Sheinfeld (1966),
Southwell and Randail (1960) and Sunar (1963). In Morgans and Trotter
(1960), 3% of 180 patients treated with >6 mg/kg/day and 18% of 67
patients treated with £20 mg/kg/day perchlorate developed skin rashes,
sore throats and gastrointestinal irritation. One fatal acute liver atrophy
developed in a patient treated with 10 mg/kg/day perchlorate for 13
months (Kotzaurek, 1965). Another case report describes nephrotic
syndrome in a patient treated with 11 mg/kg/day for 5 months (Weber
and Wolf, 1969). In the 1960s, several patients receiving £10 mg/kg/day
perchlorate for Graves' disease therapy developed fatal aplastic anemias
(Hobson, 1961; Johnson and Moore, 1961; Fawcert and Clarke, 1961;
Krevans et al, 1962; Gjemdal, 1963; Barzilai and Sheinfeld, 1966).
Although these side effects of prolonged perchlorate treatment are serious,
two constraints on the interpretation for setting a reference dose must be
noted:
• None of the observed side effects occurred in patients who received

less than 6 mg/kg/day perchlorate.
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Similar side effects have been noted in other therapeutic regimes for
hyperthyro'dism, including propylthiouracil and carbimazole (Everd,
1976; Biswas et al, 1991). Use of these chemotherapeutic regimes also
required high doses for elicitation of adverse effects.

A2-4
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groups. The dams which had not given birth in both groups showed no
signs of implantation.

In a subsequent study, Brown-Grant and Sherwood (1971) also fed
potassium perchlorate at 1 percent in drinking water to gravid Wistar rats,
but in this case the rats were lactating, to delay implantation, and 0.1
percent potassium iodide served as the control, the feeding scheme was
also prolonged from the day of conception to the 12th or 13th day. Again,
there was not a significant effect of perchlorate on implantation. When
pup thyroids were examined, a significant increase in weights of the
perchlorate-treated group was noted (-50 percent), which is similar to the
adult response at this high dose. Although perchlorate can cross the
placenta, it does not affect blastocyst survival in the rat. It is concluded
that at 100 times the NOAEL, perchlorate crosses the placenta where its
only effect is to enlarge the fetal thyroid gland. Perchlorate is not a
reproductive or developmental toxin at this very high dose.

Genotoxiciry data

A thorough review of all available scientific literature reveals no tests for
genotoxicity of perchlorate. Chemically, there is no reason to suspect that
perchlorate would react with DNA or that its presence in cells would
prove disruptive to chromosomal structure or replication. The mechanism
by which perchlorate is carcinogenic for the thyroid gland at high
concentrations requires blocked iodine uptake and subsequent
goitrogenesis and does not depend upon any genotoxic activity. Given
the known mechanism of goitrogenesis and lack of data for mutagenicity
or dastogenicity, it is concluded that perchlorate is not genotoxic.

A3-5



SECTION A4

COMPILATION OF STUDIES USED FOR
ESTABLISHING A REFERENCE DOSE

A plethora of data exists for high doses of perchlorate administered to
hyperthyroid patients. Although relatively few normal human and
experimental studies of perchlorate toxicity are available from which to
evaluate dosimetry, the agreement between all these various studies is
striking. These data are compared in the following subsections.

Human NOAEL and LOAEL Values

Three studies have been conducted in normal human volunteers
administered perchlorate for various periods of time. In the first Brabant
study (Brabant, 1992), as measured by T3/T4 diminution and TSH
stimulation, there were no effects in five healthy volunteers given 12
mg/kg/day after four weeks. However, in a followup study utilizing
another five healthy volunteers, although the T3/T4/TSH levels were not
perturbed, some increase in thyroid volume occurred after administration
of 12 mg/kg/day beyond the fourth week. These data along with those of
Burgi et al (1974) and Shigan (1963) are summarized in the following table.

TABLE 2

Comparison of NOAEL and LOAEL Values in Human Studies

Reference NOAEL LOAEL Effect
Brabant et al (1992) 12 mg/kg/d T3/T4 not

decreased
TSH not increased

Brabant et al (1994) 12 mg/kg/d Thyroid volume
increase

Burgi et al (1974) 9.7 mg/kg/d Depletion of 1-131
from thyroid

4

Shigan (1963) 2.9 mg/kg/d Depletion of 1-131
from thvroid

A4-1



D R A F T PRI\1LECED A\'P i"OVF/DE\TML

SECTION A3

STUDIES OF PERCHLORATE TOXICITY
IN ANIMALS

In general, perchlorate toxicities in domestic or experimental animals
mirror those seen in human volunteers or patients receiving perchlorate
therapeutically. Disruption of the thyroid-pituitary axis is the main
mammalian toxicity of perchlorate and a threshold for this effect is seen in
animals as well as in humans. As a beneficial effector, perchlorate salts
have been utilized in Russia for increasing the weight of domestic animals
(Yakimenko et al, 1981). Weight gains of up to 31 percent as compared to
controls were seen with 5 mg/kg/day ammonium perchlorate,
comparable to the LOAEL values seen in other studies.

Acute Studies in Experimental Animals

There are many reported acute toxicity experiments of perchlorate
administration to animals. Perchlorate is moderately toxic to rats, with the
LDso in the range of 1-4 g/kg, (Praeger and Sax, 1982). However, acute
toxicity experiments are of little value in establishing a reference dose and,
therefore, are not considered further here.

Chronic Studies in Experimental Animals

The only chronic studies of perchlorate toxicity in experimental animals
have to do with carcinogenesis and, as discussed above, are not directly
relevant to establishment of a reference dose. Studies are summarized
below which dearly demonstrate that perchlorate is not an initiator of
thyroid carcinogenesis.

Hiasa et al (1987) fed male Wistar rats 0 or 1000 ppm perchlorate for 20
weeks and measured T3, T4 and TSH levels, as well as body and liver
weights and appearance of thyroid tumors. Although TSH levels
increased, T3 and T4 changes were not statistically significant. No thyroid
rumors were seen. In separate groups of 20 rats first injected with 28
mg/kg n-bis(2-hydroxypropyl)nitrosamine and then fed perchlorate,
20/20 developed thyroid rumors, whereas without perchlorate treatment
only 1/20 developed tumors. There were no effects of perchlorate on
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body or liver weights. Exactly the same promotion of initiated thyroid
tumors may be mediated by iodine deficient diets alone, suggesting that
this is the sole activity of perchlorate (Ohshima and Ward, 1986).

The experimental studies of perchlorate dose-response for perturbation of
the thyroid-pituitary axis and mechanism of carcinogenesis are prototypic
in demonstrating a threshold for carcinogenic promotion. The evidence
for thyroid rumor promoter thresholds has been summarized by USEPA
(USEPA, 1988; Paynter et al, 1988; Hill et al, 1989) and the implications for
risk assessment of perchlorate and other nongenotoxic thyroid tumor
promoters reviewed recently by McClain (1992).

Subchronic Studies in Experimental Animals

Whereas most laboratory studies of perchlorate carcinogenicity using
experimental rodents have been chronic, most dose-response studies have
been subchronic. Of particular value is Mannisto et al (1979), a four day
study in rats which received four concentrations of perchlorate in drinking
water (the concentrations embraced NOAEL and LOAEL doses for
perturbation of the thyroid-pituitary axis).

The data of Mannistd et al (1979) are useful in that a wide range of
perchlorate doses were administered. These data are summarized below.

TABLE 1

T3/T4 and TSH Levels in Perchlorate-Treated Rats (Mannistd et al, 1979)

Perchlorate fmg/U mg/kg/day T3/T4 TSH
0 0 No change No change

10 1.5 No change No change
50 7.6 Decrease Slight increase*

100 15.3 Decrease Increase
_____500_________76.3_____Decrease____Increase____
The slight increase in TSH was not statistically significant

Given the definition of perturbation of the thyroid-pituitary axis (i.e.,
T3/T4 levels must be depressed while TSH is elevated, both in statistically
significant manners), it is concluded from the Mannisto et al (1979) data
that 7.6 mg/kg/day is a NOAEL and 15.3 mg/kg/day is a LOAEL for
perchlorate in the rat
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Comparison of the Mannisto et al (1979) and Brabant et al (1992) LOAEL
data challenges the assumption that rats have a different sensitivity to
perchlorate than humans. Whereas rats showed a slight, statistically
significant, increase in TSH at 15.3 mg/kg/day perchlorate, T5H remained
depressed at 12 mg/kg/day in human volunteers, although thyroid
volume increased slightly after four weeks (Brabant et al, 1994). Hence,
the LOAELs derived from these studies are similar: 15.3 and 12
mg/kg/day, in the rat and in humans, respectively.

Kessler and Kruskemper (1966) fed 1 percent potassium perchlorate
(-1300 mg/kg/day) to 40 rats maintained with 40 controls. Groups of 6-8
rats were sacrificed immediately and after 40, 120, 220 and 730 days of
treatment. There was no influence of 1,300 mg/kg/day on body weight.
Thyroid glands, however, were hypertrophied, with histologicai changes
being detected by 40 days and progressing throughout the experiment
through fibrosis and on to follicular adenomas. Gauss (1972) conducted
similar experiments in mice, with similar effects seen on the thyroid gland,
but also minor weight loss (11.6 percent) during the first two months of
treatment (as cited in ECAO, 1992).

To study iodine uptake by the rat and rabbit thyroid, Shigan (1963) used
iodine-131, which was administered a day following ingestion of
perchlorate; test doses of perchlorate were 0, 0.25, 2 and 40 mg/kg/day.
Urinary excretion of iodine-131 was higher than controls in the 2 and 40
mg/kg/day groups, although not higher at 40 than 2 mg/kg/day. By this
criterion, 0.25 mg/kg/day perchlorate did not block iodine-131 uptake
and, hence, was the NOAEL in this study, while 2.0 mg/kg/day was the
LOAEL

Other Organ Site Studies in Experimental Animals

Pflugfelder (1959) studied the effect of ingested potassium perchlorate on
the thyroid and other organs of the chicken. Daily doses were 20, 30 and
40 mg/kg to groups of three chickens for each dose. Although it appears
as if this was a chronic study, it is not dear how long chickens were
maintained on these perchlorate doses prior to sacrifice and necropsy.
Thyroid volumes were reduced at all doses as was body weight gain.
Other organ toxicities noted at all doses induded: Failure of the bursa of
fabricius (an organ for the maturation of B-lymphocytes), diminished
feather exfoliation, lessened sexual development and degeneration of
cerebellar Purkinje cells. Hence, in the chicken, it appears that 20
mg/kg/day perchlorate is a LOAEL for several target organ sites, albeit
with limited significance for assessing human risks.

A3-3



v iv .-i f i PRIVILEGED A.\D CO\FIDE\~TIAL

Sreebny et al (1963) studied the effects of drinking water with 1 percent
KC1O4 to male Sprague-Dawley rats for 30 or 60 days on three exocrine
glands: The submaxillary gland, parotid gland and pancreas. Although
submaxillary gland and pancreatic weights were reduced as was
amylolytic activity of the parotid, these effects were also caused by
propylthiouracil and followed induction of thyroid hyperplasia in both
cases. Hence, the observed effects on exocrine glands in this experiment
were indirectly mediated by activity of perchlorate on the thyroid gland.

Hiasa et al (1987) found no effects on liver or body weights from feeding
1000 ppm perchlorate to male rats for 20 weeks.

Shigan (1963) studied effects of perchJorate in rats and rabbits dosed with
0.25, 2 and 40 mg/kg/day orally. Several measured endpoints were
negative at all doses:

• Involuntary regulation of cardiac activity,

• Central nervous system functions,

• Hemoglobin synthesis,

• Protein synthesis, and

• Liver function.

Hence, for organs other than the thyroid, the NOAEL for perchlorate in
rats and rabbits is in excess of 40 mg/kg/day.

Reproductive, Developmental and Genotoxicity Studies

Reproductive and developmental toxicity studies

Postel (1957) fed pregnant guinea pigs with 1 percent potassium
perchlorate (740 mg/kg/day) in drinking water from the 21st through the
48th day of gestation and noted a 15-fold enlargement of fetal thyroids.
This fetotoxic dose is 100 times the NOAEL seen in other experimental
studies. The same treatment regimen was too short to enlarge adult
guinea pig thyroids, which required 60 or more days of exposure to
perchlorate for thyroid enlargement

Brown-Grant (1966) also fed potassium perchlorate at 1 percent in
drinking water (740 mg/kg/day) to gravid Wistar rats from the 2nd to the
8th day of gestation. One percent KC1 served as the control dose. Live
litter births occurred in 8/11 perchlorate-treated and 7/11 KCl-treated
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It may be seen that these values are in fair agreement over a four-fold
range and, as summarized below, also in fair agreement with data
obtained from hyperthyroid patients and in experimental animals.

All volunteers in both Brabant et al (1992, 1994) studies and the Shigan
(1963) study were male. However, in the Burgi et al (1974) study, of the
five volunteers, two were male and three female. Hence, it is possible
from their experimental data to assess the overall sensitivities of human
male vs. female thyroids to 200 mg perchlorate being administered three
times daily for a week. These data are especially important given the
paucity of experimental data in female test animals.

Data from the Burgi et al (1974) study are segregated for normal male and
female human subjects and presented in Table 3. Doses of perchlorate ,
when corrected for body weights, were less in males (8.2 mg/kg/day)
than females (11.1 mg/kg/day). No difference was seen between males
and females in their urinary excretion of radiolabeled thyroid iodine after
treatment with 600 mg perchlorate daily for a week. Males show a 236
percent increase in urinary radioiodine whereas females show a 215
percent increase as measures of mobilization of thyroid iodine by
perchlorate. These values are statistically indistinguishable.

TABLE 3

Comparison of Perchlorate Toxicities Between Males and Females
(Data taken from Burgi et al, 1974)

Thvroid Effects'**

Sex (No.)

Male (2)

Female (3)

Dose*

8.2

11.1

01
93

101

121
220

217

121
236

215

•Doses in mg/kg/day for average weight of males at 73 kg and females at 54 kg.
"The following thyroid effects are corrected for relative body weights:

(1) Urinary excretion of radioiodine (ng/day) before perchlorate.
(2) Urinary excretion of radioiodine (jig/day) after perchlorate.
(3) Percent increase in urinary radioiodine after perchlorate treatment.

It is concluded' that normal males and females have identical sensitivities
to the action of perchlorate on the thyroid gland.

Table 4 compiles LOAEL data from 11 studies of hyperthyroid patients for
whom perchlorate was used therapeutically.
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TABLE 4

LOAEL Values in Hyperthyroid Patients

Reference LOAEL (mg/kg

Stanbury & Wyngaarden (1952) 1.4

Crooks & Wayne (1960) 15

Morgans & Trotter (1960) 6

Kotzaurek (1965) 10

Weber &: Wolf (1969) 11

Hobson (1961)

Johnson & Moore (1961)

Fawcert & Clarke (1961) All

Krevans et al (1962) £10

Gjemdal (1963)

Barzilai & Sheinfeld (1966)________________________

It may be seen that there is fair agreement between LOAEL values as
determined from case studies and the data discussed previously from
normal healthy volunteers.

Experimental Animal NOAEL and LOAEL Values

The results of previously discussed experimental studies are also
presented below in tabular form to facilitate comparison of multiple
studies on perchlorate toxicity. Following a summary of NOAEL and
LOAEL values in experimental animals, these are compared with human
values in order to gain an overall appreciation of the general agreement of
data across species.

Table 5 summarizes NOAEL and LOAEL values for perchlorate in three
animal species for the thyroid and other organ sites.
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TABLE 5

Intcrspecies Comparison ofXOAEL and LOAEL Values

me /kir/day
Reference
Mannisto et al (1979)

Shigan (1963)

Shigan (1963)

Pflugfelder (1959)

N'OAEL

7.6

0.25

40

LOAEL

15.3

2.0

2.0

Species

rat

rat
rabbit

rat
rabbit

chicken

Target Organ

thyroid

thyroid

other organs

other organs

As mentioned earlier, virtually all animal studies have employed male test
animals, usually male rats, and there are no animal data from which to
evaluate male vs. female comparisons. However, some reproductive
studies have been done for perchlorate administration to pregnant dams
and these results are summarized below.

TABLE 6

Summary o) Reproductive Data in Animal Studies

Reference

Postel (1957)

Dose

740mg/kg/d

Reproductive Effect

Fetal thyroid
enlargement

Brown-Grant (1966)
Brown-Grant and
Sherwood (1971)

740mg/kg/d
740mg/kg/d

None
Fetal thyroid
enlargement

Other than the known thyrotoxic effects, there are no reproductive effects
of perchlorate administration at very high doses to gravid test animals.

In addition to not being a reproductive toxin, there also are no data to
indicate that perchlorate is genotoxic.

The following table summarizes data for target organ sites other than the
thyroid gland. Since some organ toxicities depend upon the known
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influence of perchlorate on the thyroid and, hence, represent indirect
effects, this column is included in the table to facilitate interpretation.

TABLE 7

Summary of Target Organ Data in Animal Studies

Target Organ Toxicity Mechanism of Action

Thyroid gland + Blocked iodine transport

Liver - n/a

Heart - n/a

Central nervous system - n/a

Bone marrow + Thyroxin-dependent*

Submaxillary gland + Thyroxin-dependent*

Parotid gland + Thyroxin-dependent*

Pancreas + Thyroxin-dependent*

•Toxicities which are mediated through impaired T3/T4 synthesis by the thyroid gland.

The three previous discussions are summarized below.

• Males and females have identical sensitivities to perchlorate toxicity;

• Perchlorate is neither a reproductive nor genotoxic substance; and

• The only additional organ sites adversely affected by perchlorate
administration besides the thyroid gland itself are those organs whose
homeostasis depends upon thyroxin. As indicated in the discussions
above, overall there is a surprising concordance of data concerning
NOAEL and LOAEL values for the effects of perchlorate on the thyroid
gland in normal human subjects, hyperthyroid patients, and
experimental animals. These data are summarized in Table 8.
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dependent upon thyroxin for normal hematopotetic development
(Wartofsky, 1994). Given the consistency of NOAEL and LOAEL values in
normal human volunteers and hyperthyroid patients and similar values
obtained in experimental animals, it is suggested that the
NOAEL/LOAEL of 12 mg/kg/day from Brabant et al (1992, 1994, 1995)
be utilized for development of a RfD.

As defined by USEPA, data for the determination of reference doses
(RfDs) are best based upon the highest NOAEL available from chronic
studies in humans. Prior to Brabant's recent studies (Brabant et al 1992,
1994, 1995), the best available human data were from Stanbury and
Wyngaarden (1952). However, there are several advantages to the more
recent Brabant studies:

• Brabant's subjects were normal healthy individuals, whereas Stanbury
and Wyngaarden's subject was hyperthyroid;

• Brabant used 10 subjects, whereas Stanbury and Wyngaarden studied
but one subject; and

• Brabant's studies were subchronic, whereas Stanbury and
Wyngaarden's study was acute.

As explained previously, due to further experimentation in 1995, the
Brabant et al (1994) NOAEL of 12 mg/kg/day is better interpreted as a
NO/ EL/LOAEL interface, in that thyroid volumes increased slightly but
significantly during the fifth week of daily administration of perchlorate at
12 mg/kg/day. Neither decreased T3/T4 nor increased TSH levels were
observed in individuals who experienced these slight increases in thyroid
volume. Hench, 12 mg/kg/day is a NOAEL for the thyroid-pituitary axis
as normally defined, but a slight LOAEL for thyroid volume. For the
reasons stated above, this endpoint would appear superior for RfD
determination than the formerly utilized LOAEL of 1.4 mg/kg/day from
the study of Stanbury and Wyngaarden (1952).

Given the sufficiency of the dosimetry database and knowledge of toxic
mechanisms in both experimental and epidemiologic studies, it is
recommended that a ten-fold safety factor is applied for extrapolating
from subchronic human data to protection from chronic exposures,
without need for an additional safety factor for database insufficiencies.

Male vs. Female Data

In the Burgi et al (1974) study of the effect of perchlorate on iodine
secretion in five healthv volunteers, two were male and three were female.
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No differences were noted between male and female volunteers. In the
Brabant (1992, 1994, 1995) studies, all subjects were healthy males. In
terms of perchlorate toxicities during therapy for hyperthyroidism, there
have been no recorded differences between male and female patients.

It has been reported that hyperthyroidism (goiter) in humans is three
times more prevalent in females than in males (Wartofsky, 1994). If this
predilection for the disease were indicative of a greater sensitivity among
human females to goitrogenic substances, including perchlorate, then this
enhanced sensitivity would have to be taken into account while adjusting
available NOAEL and LOAEL data for a safe human reference dose.

However, it appears that the various hyperthyroidisms, viz., Graves'
disease, which appear exacerbated in females are the result of sensitized
female autoimmunity to TSH and other receptor proteins (Wartofsky,
1994). Females in general are many times more susceptible to all
autoimmune diseases such as systemic lupus erythematosus and
myasthenia gravis due to their more finely tuned T-lymphocyte system
which must prevent potential fetal rejection during pregnancy (Hahn,
1994).

It is recommended that no extra safety factor is required for ensuring that
females may be more sensitive than males to perchlorate toxicity and that
the ten-fold safety factor for potentially sensitive populations takes any
possible variation by sexes into account.

Other Potential Sensitive Populations and Target Organs

The population of hyperthyroid patients may be more sensitive to the
actions of perchlorate than normal healthy individuals. However, rather
than being adversely affected by perchlorate, it is beneficial to those
afflicted by hyperthyroidism. No other more sensitive subpopulations,
including fetuses, have been shown to exist Although perchlorate passes
the placenta and fetal thyroids enlarge upon daily exposure to perchlorate,
this response is to levels comparable to those required for adult thyroid
enlargement

Clearly, perchlorate targets the thyroid gland by virtue of its competitive
ability to inhibit iodine transport All known toxicities of perchlorate to
other target organs such as the exocrine and hematopoietic systems are
probably mediated by thyrotoxicity and subsequent thyroxin depletion.
In some described hypersensitivities in Graves' disease patients, these
may include the effects of thyroxin depletion upon the immune system,
especially inhibition of suppressor T-cells. The only non-thyroid-
mediated toxicities of perchlorate require very high doses, in excess of
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TABLE 8

Comparison of Human and Animal NOAEL and LOAEL Values
for Perchlorate Toxicity to the TJiyroid Gland

Reference NOAEL f m g / k g / d ) LOAEL (mg /kg /d)

Studies in Normal Human Volunteers

Brabant et al (1992) 12

Brabant et al (1994) 12

Burgi et al (1974) 9.7

Shigan (1963) 2.9

Studies in Hyperthyroid Patients

Stanbury & Wyngaarden (1952) 0.14 1.4*

13 Subchronic Studies 6.0

Studies in Experimental Animals

Mannisto et al (1979) 7.6 15.3

Shigan (1963) 0.25 2.0

Pflugfelder (1959) 20"

•An acute study with endpoints measured within hours.
•This was the lowest dose tested for thyrotoxicity in chickens.

It should be noted that all subchronic NOAEL and LOAEL values
summarized above in normal humans, hyperthyroid patients and test
animals are within an order of magnitude (2-20 mg/kg/day), except for
the 0.25 mg/kg/day NOAEL of Shigan (1963) and the 0.14 mg/kg/day
NOAEL of Stanbury and Wyngaarden (1952). However, the Shigan (1963)
doses studied dropped from 2.0 to 0.25 mg/kg/day, with no doses in
between. Obviously, higher NOAELs may have been observed in this
study if intermediate doses between 2.0 and 0.25 mg/kg/day had been
evaluated. The utility of the Stanbury and Wyngaarden study is
addressed in the following section.
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SECTIONA5

DISCUSSION OF S 4IETY FACTORS

In the subsections below, the relevance of the above-summarized data to
establishing safety factors for the conversion of NOAEL and LOAEL data
to an oral human reference dose for perchlorate is discussed.

Most Data Are From Subchronic Rather Than Chronic Studies

Although chronic data are available for Graves' disease patients treated
with perchlorate, the more recent physiologic studies in human volunteers
have all been terminated after a relatively brief exposure period (1-6
weeks). Brabant et al (1994, 1995) noted that it took longer than four
weeks of exposure for his healthy volunteers to develop slightly increased
thyroid volume, even though other cardinal signs of hyperthyroidism
(T3/T4 diminution, TSH increase) had not occurred. Hence, it would
appear that the NOAEL of 12 mg/kg/day perchJorate noted in the
Brabant (1992) study is more precisely a NOAEL/LOAEL and similar to
the LOAEL observed by Stanbury and Wyngaarden (1952) of 1.4
mg/kg/day, although the latter was derived during an acute study in one
hyperthyroid patient

The lowest LOAEL of 6 mg/kg/day identified from a review of
subchronic studies comes from the brief review of Morgans and Trotter
(1960) in which 6/180 hyperthyroid patients developed skin rashes, sore
throats and gastrointestinal irritation after a few weeks treatment with
perchlorate. These epithelial reactions in only 3 percent of treated patients
may reflect immunoglobulin-mediated hypersensitivity to perchlorate in
this small minority. The dose range of these patients was actually 400-
1000 mg/day and body weights of the six patients who developed
symptoms is not given. If body weights of the afflicted individuals were
50 kg rather than the 70 kg assumed for calculation of the 6 mg/kg/day
LOAEL and if they had been exposed to 1000 mg/day rather than the 400
mg/day assumed, then this LOAEL might be more in the range of other
values seen (£10 mg/kg/day). Unfortunately, the raw data required for
these calculations are not available.

Many of the other observed toxic effects of perchlorate seen after chronic
administration of >10 mg/kg/day, such as agranulocytosis and aplastic
anemia, are mediated by impairment of bone marrow which in turn is
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grams/day, and are not relevant tor determination of an oral reference
dose.

Although the data suggest that some sensitive subpopulations (i.e.,
hyperthyroid patients) may benefit from administration of perchlorate, it
is recommended that a ten-fold safety factor be applied in the
development of an RfD to ensure protection over the range of human
sensitivity.
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SECTION A6

DISCUSSION REGARDING THE ROLE OF THE
THYROID GLAND IN MEDIATING

PERCHLORATE INDUCED APLASTIC ANEMIA

Graves' disease is a common type of autoimmune hyperthyroidism often
accompanied by bulging eyes and skin manifestations. It most commonly
strikes women in their 30s or 40s. Since all known effects of Graves'
disease are mediated by excess thyroxin production, perchlorate and other
hypothyroid inducing agents have been utilized in the treatment of
Graves' disease patients.

In the 1960s, several patients receiving >10 mg/kg/day perchlorate for
Graves' disease therapy developed fatal aplastic anemias (Hobson, 1961;
Johnson and Moore, 1961; Fawcett and Clarke, 1961; Krevans et al, 1962;
Gjemdal, 1963; Barzilai and Sheinfeld, 1966). Given that thyroid
carcinogenesis has not been seen in patients, aplastic anemia is obviously
the most serious of perchlorate-induced human toxicities documented in
the medical literature.

As outlined below, it appears tnat perchlorate induces aplastic anemia by
the same mechanisms of its known ability to inhibit thyroxine formation
by the thyroid gland and the known requirement of thyroxin for normal
hematopoiesis.

Hematopoiesis and the Endocrinology of Aplastic Anemia

Hematopoiesis is a complicated orchestration of bone marrow to form all
those varied cells which are found in blood, including erythrocytes (red
blood cells), leukocytes (white blood cells) and platelets. Many hormonal
reactions are important in controlling hematopoiesis, including
endocrines, such as T3 (triiodothyronine) and T4 (thyroxin), which are
produced outside the bone marrow, and cytokines, such as the
interleukins, which are produced within bone marrow. Aplastic anemia is
a potentially fatal condition in which bone marrow becomes deprived of
almost every cell precursor for cells normally found in blood. The patient
not only becomes anemic due to the lack of erythrocytes, but also
immunosuppressed (due to the lack of lymphocytes) and at risk for
internal bleeding (due to the lack of platelets).
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According to Kelly Davis, M.D., Department of Endocrinology, University
of Pennsylvania School of Medicine, who is a specialist in thyroid
function, the thyroid gland does participate actively in the regulation of
bone marrow development through elicitation of both T3 and T4,
especially the former (Davis, 1996). According to Dr. Davis, adequate
levels of triiodothyronine are essential for proper bone marrow
development. Further evidence gained from leukemia cells supports this
contention (see following section).

Thyroxin-Receptors in Bone Marrow Stem-Cells

Two genes on human chromosomes 17 and 3 (TR-alpha and TR-beta,
respectively) control the formation of thyroid receptors (TR) on all
thyroxin-sensitive cells. These TR proteins each have T3/T4-binding and
DNA-binding domains, the latter termed TRE for "thyroid response
element"

Target genes for several functions are not activated until their respective
TRE sequences are activated by thyroxin binding, including: ~

• Thyroid stimulating hormone (TSH);

• Prolactin (required for lactation);

• Growth hormone (required for bone growth); and

• Hematopoietic genes.

When bound by T3 or T4, the TR proteins migrate from outside the cell
membrane to the nucleus and initiate gene action by binding to the
appropriate TRE sequences. The highest concentrations of TR receptors
are found in the pituitary, brain, liver, heart, kidney and bone marrow.

Much of the specific information about TR proteins in bone marrow cells
and responsive hematopoietic genes has been gained from a study of
leukemia cells. The gene which synthesizes TR proteins on the cell surface
of bone marrow cells has been recognized as c-erbA, whose product binds
T3 and T4 with high affinity (Sap et al, 1986; Weinberger et al, 1986). The
c-erbA TR binds T3 ten times more assiduously than T4. The c-erbA TR
functions much as a steroid receptor in its mechanism of hormonal
binding, cellular incorporation and nuclear control (Eisenman,19S9).
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Conclusions Regarding Perchlorate-Induced Aplastic Anemia

The strongest triiodothyronine (T3) and thyroxin (T4) receptors in the
human body are found in bone marrow stem cells. If the thyroid gland is
impaired in its ability to produce adequate levels of T3 and T4, these bone
marrow stem cells stop differentiating and virtually all bone marrow
lineages cease. Hence, the most likely mechanism for aplastic anemia
induction by perchlorate is equivalent to that for thyroid carcinogenesis
(i.e., a mechanism which requires chronic administration of high doses for
prolonged periods) and is not of use in establishing safe levels from
environmental exposure.
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' - " • - SECTION A7

OVERALL CONCLUSIONS REGARDING
PERCHLORATE TOXICITY

As evidenced in several previous reviews (ECAO, 1992; _ICF, 1993; PSG,
1994) and herein, the database for perchlorate tdxicity is' replete with
NOAEL and LOAEL values from normal human volunteers, hyperthyroid
patients and experimental animals. The best dose-response data available
from five sources of information are remarkably consistent:

• Normal human volunteers do not demonstrate any thyrotoxicity to
12 mg/kg/day perchlorate for four weeks of administration daily and
only after the fifth week show a slight increase in thyroid volume
(Brabant et al, 1992,1994,1995).

• Burgi et al (1974) determined that 9.7 mg/kg/day was a LOAEL in
healthy humans for purging radioiodine from the thyroid.

• The lowest LOAEL and highest NOAEL in a hyperthyroid patient
treated with perchlorate were 1.4 and 0.14 mg/kg/day, respectively
(Stanbury and Wyngaarden, 1952).

• Rats treated subchronically with a range of perchlorate doses show a
NOAEL at 7.6 mg/kg/day and a LOAEL at 15.3 mg/kg/day
(Mannisto et al, 1979).

• The LOAEL for blocking radioiodine uptake in rat arid rabbit thyroids
is 2.0 mg/kg/day (Shigan, 1963).

That rodent and human data are consistent should not be surprising in
that the pituitary-thyroid axis is similar among all mammals.
Furthermore, in that perchlorate acts directly to block iodine uptake
without any requirement for metabolism, there is no need to adjust rodent
doses to human doses through a scaling factor for surface area/body
weight ratios.

Males and females appear to have equal sensitivities to perchlorate and no
other sensitive populations, except hyperthyroid cases who would be
benefited by perchlorate exposure, have been identified. All additional
organ site sensitivities may be attributed to indirect effects of perchlorate
on inhibition of thyroxin synthesis by the affected thyroid gland target
organ site. Perchlorate is neither a reproductive toxin nor is it genotoxic.
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It is recommended that; given the amount of concordant data available,
the Brabant et ai NOAEL/LOAEL value of 12 mg/kg/day determined in
normal humans be adopted as the basis for a reference dose for
application to human risk assessment. Given the plethora of human data
available and its consistency with data derived from test animals along
with the well understood mechanism of perchlorate toxicity, it is
recommended that the following two safety factors be applied:

• Ten-fold for the potential range of human sensitivity; and

• Ten-fold for extending subchronic human data to protection from
chronic exposure.

Application of these two 10-fold safety factors to the human
NOAEL/LOAEL value of 12 mg/kg/day yields a recommended human
oral reference dose of 0.12 mg/kg/day. This RfD of 0.12 mg/kg/day has
been utilized previously in this document to characterize potential risks to
human receptors on the Aerojet site from exposure to perchlorate in
groundwater at 4 mg/L, showing that this level is without adverse health
impact.
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GLOSSARY OF TERMS

Some of ^he terms used in-this-report are technical and may be unfamiliar
to the informed layperson. The following glossary of terms may be
helpful. ' . , .,

Amylolytic activity of the parotid - Parotid glands, among other
... functions, excrete enzymes which break down amyloid, the substance

which accumulates in neural tissue (in excess in Alzheimer's patients).

AplaStic anemia - A potentially fatal condition in.which bone marrow
becomes deprived of almost every cell precursor for cells normally found
in blood. The patient not only becomes arjemic due to the lack of red
blood cells, but also immunosuppressed (due to the lack of white blood
cells) and at risk for internal bleeding (due to the lack, of platelets).

: Agranulocytosis anemia - A type of anemia'characterized by a lack of
granulocytes, a type of white blood cell containing many granules.

Autoimmune hyperthyroidism - Enlargement of the thyroid gland due to
antibodies to TSH-receptors which act as thyroid stimulating hormone

Blastocyst - That stage of the vertebrate embryo in which an inn^r cavity
(endodenh).cah first be^distinguished.,

Carbimazole - A drug which acts to inhibit growth of the thyroid gland
. and, hence, used in the treatment of .hyperthyroidism.

Cytokines, such as the interleukins - Produced within bone marrow and
are necessary chemical signals for normal white blood cell development.

Endocrinologist - A medical specialist who studies endocrine glands, such
as the thyroid, pancreas or pituitary glands.

Epidcmiologic - That type of study, which determines the association
"between exposure and diseases in human populations.

Fetotoxic dose - The dose which is toxic (lethal) to the developing fetus.

Follicular adenomas - Benign tumors of the thyroid gland which develop
in the follicles (i.e., those nested regions which synthesize thyroid
hormones).
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Folliculafcelhcarciwogenesis - Development of cancer within the follicles
of the thyroid gland (see above).

Gastrointestinal - Pertaining to-the central alimentary "canal'of the body,
also known as the G.I. tract. 3' •,". - :>c •

Goitrogenesis - Goiter (enlarged thyroid gland) formation.
. . . - - . > , - . . ; . . ; - ' > ' ' - • > ' , — . - ' "

Goitrogehs -'Those substances which, ifiduce goiters by blocking iodine
uptake. • • - • • •

Genotoxicity r Tpxic to.genes,--either.^mutagenic (change DNA) or
dastogenic(ciiahge.ciiromo$omes). , . • I. : - •

Gravid- tesf ahirfuls -[.N^ce'br rats which are pregnant; ~^. -•'•• "•

Hematolpoiesis'- The synthesis in bone marrow of all cells eventually
found in blood, including erythrocytes^ (red blood jeells)w leukocytes (white
blood cens) arid pjafelets.' 7 'L - , . . if. - , . . : ; - -'

Hemato|jqietic genes,- Those genes whi<4i control the.formatibn of blood
cells in bdnl marrow., ;' ,:~ ...

Hyperthyroidism - Enlarged thyroid gland, synonymous with goiter.

Immuhoglobttlin-mediated h^pftr^enHtiyityr B«ing allergic to one's own
tissue(s) because of the presence of ah 'z atibody which reacts with self.

Methemdglbbuliiiemii ̂ Tlvejji^sghce.pf jceduced:irpn in the hemoglobin
molecule of fed blood cetts'is mcapable of carrying sufficient oxygen.

Myasthenia gravis > An' a'ulpimrnuive disease in which antibodies react
against acetyl choline receptors of nerve cells, disrupting nerve function.

Nephxotic syndrome : A disease of the kidneys which allows too much
protein to accumulate in urine. '^

Nongenotoxic r Not toxtc tp .genes, unreactive to either DNA or
chromosomes. • ' • • ' • [ - " '

Percutaneous - Into the skin.

Perturbation - Disturbance.- - • c ' T • - •

Pituitary-thyroid axis - The communication links and delicate balance
between pituitary and thyroid gland in controlling the function of the
latter. If insufficient thyroid hormones are produced by the thyroid, the
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pituitary senses this deficit and signals the thyroid through thyroid
stimulating hormone to manufacture more thyroxin.

Plethora - Multitude, sometimes excessive.

Prolactin - A pituitary hormone that is required for lactation (milk
production) by mammals.

Propylthiouracil - A substance which, like perchlorate, blocks iodine
uptake arid/hence, in sufficient concentrations, induces hyperthyroidism.

Prototypic - Of primary example.

Radioiodines - Iodines which have unstable nuclei and, hence, give off
radMtion (normally in the form of beta-particles).

Systemic lupus erythematosus - An autoimmune disease which is
characterized by antibodies to one's own chromosomes.

Thyroid hyperplasia - Excessive growth of the thyroid gland which, if
unabated, results in a goiter.

Thyroid-pituitary axis r See Pituitary-thyroid axis.

Thyrocyte -. That epithelial cell of the thyroid which is sensitive to thyroid
stimulating hormone.

Thyroglobulin - Equivalent to thyroid stimulating hormone (TSH), made
by the pituitary gland.

Tniodothyronine (T3) •• A thyroid hormone containing three atoms of
iodine.

Thyroxin (T4) - A thyroid hormone containing four atoms of iodine.
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